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EDITORIAL 


Job Specification— 
Needs and Limitations 


' I WAS BROWSING through the files of a trading company one day in 
an attempt to piece together a coherent account of its organization 
structure and the history that preceded it. It soon became clear to me 
that the Chairman had for some time been greatly concerned about 
various shortcomings in the organization, and in particular about his 
inability to pin down responsibility and accountability. Whenever 
something had gone seriously wrong, it transpired that it was either 
the outcome of conflicting decisions made by several executives, 
each convinced that it was his function to intervene, or the absence of 
any action being taken, because each of those concerned felt that the 
matter was looked after by someone else and that it was not his duty 
to intervene. 

A study of the organization structure was then undertaken with the 
help of an outside consultant, who was quick to point out that even 
the organization chart was out of date, that some executives had never 
seen it, and that while each of the senior people purported to have a 
clear idea as to the lines of demarcation between his subordinates, they 
rarely shared his vision and there were obviously wide differences 
between their individual perceptions as to where responsibility lay. 
This state of uncertainty was further exacerbated when the same ad 
hoc tasks were assigned to different people, and hence blame for failure 
appeared sometimes to be randomly apportioned. 

The study team proceeded with the aid of the consultant to delineate 
the major functions of the organization, to list the many tasks involved 
and allocate them to the various functions, to update the organization 
charts, to seek clarification about reporting and hierarchical relation- 
ships, and to define the decision centres and the kind of information 
they needed. Slowly, they developed the structure, taking account of 
existing personnel and role expectation, removing ambiguities and 
inconsistencies, and refining the objectives of every department in the 
company. 

It soon became evident that watertight definitions of functions are 
easier to achieve in a highly hierarchical military style organization 
than in a more loosely organically defined structure. An organization 
chart with vertical lines representing reporting relationships between 
line managers is more easily understood in terms of responsibility and 


1 





2 Editorial 


accountability, but this simplicity in approach suffers from two main 
shortcomings: First, the more complex and dynamic the array of tasks 
of the company, the less suited an inflexible military chart is to de- 
scribe its organization. Secondly, communication in the structure is 
formally confined to vertical lines in the chart, so that two individuals 
belonging to separate branches in the hierarchical tree can only com- 
municate through their superiors, often causing long delays and un- 
necessary involvement of senior executives in sorting out minor prob- 
lems. To overcome these difficulties, staff functions are added (even in 
pure military organizations) to allow issues which transcend depart- 
mental boundaries to be centrally directed, for example in matters of 
manpower, finance, systems and procedures, legal problems etc. And 
the more the organization chart resembles an organic entity, the more 
difficult it is to define unambiguous lines of communications and 
mutually exclusive relationships. 

All this will not come as a startling revelation to anyone who has 
been involved in the assessment of organization structures, although in 
the company in which this exercise was undertaken the proposition 
that you cannot have your cake and eat it took a long while to be 
grudgingly acknowledged. And yet, not only the management but even 
the consultant (who had had some experience in these matters) firmly 
believed that all the difficulties would be overcome if every post in the 
‘organization had a clearly defined job specification. How can you 
expect anyone to know what his responsibility is, who he reports to, 


who is accountable to him, in short what his job is, unless you define it 
first? 


This sounds like a reasonable argument; but it is the blind faith that 
some people have in job specifications as cure-alls for commonly 
found organizational faults that is so baffling. And the more I delved 
into the affairs of the company in question, the more baffled I became. 
That job specifications need to be meticulously prepared for vacant 
posts prior to filling them is perfectly understandable, since this is a 
necessary discipline for justifying the appointments, for explaining to 
candidates what would be expected of them if their applications were 
successful, and for assessing the level of remuneration to be offered in 
relation to other comparable jobs. That these specifications need to be 
reviewed and updated after a while is equally understandable, since 
circumstances do change and individuals bring different attributes to 
the jobs they hold. Nor is it surprising that when questions of interpre- 
tation arise regarding overlaps or gaps in responsibilities, the instantly 
suggested remedy is to elaborate on given job specifications and add 
long-winded descriptions in an attempt at further clarification. But 
what was surprising in the case in question was that all jobs were 
treated alike, from the orders filing clerk to the managing director, 
without realizing that the degree of precision which can be sought for 
the former is hopelessly unattainable for the latter. 
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The increasing difficulties in defining responsibility for tasks as you 
climb the hierarchical ladder stem from the fact that any job that 
involves prescribed manipulation of physical objects in a production 
or administrative environment is amenable to tight descriptions. Take 
jobs involving the manufacture of components, materials handling and 
storage, packing and despatch, filing and retrieval of documents, keep- 
ing and updating records, monitoring and answering enquiries—they 
are all examples of jobs which can be clearly defined, and furthermore 
it is possible to specify suitable attributes for measuring the work done 
in terms of quantity and quality, in order to arrive at a judgement as 
to whether a particular job is carried out successfully. 

What these examples have in common is that they relate to routine 
jobs involving repetitive tasks, for which various possible contingen- 
cies can be anticipated, leaving a relatively small number of instances 
which have to be referred to a higher authority. The more routine the 
task, the more easily it can be delegated with clear instructions as to 
how it should be executed, with the expectation that the outcome 
would meet given pre-determined standards. But when you encounter 
jobs for which all contingencies cannot be mapped out, involving 
unprogrammed or even non-programmable decision processes, then 
job descriptions can only be couched in general phrases and perform- 
ance is difficult or impossible to measure against a simple yardstick. 

These points may be illustrated in the accompanying Exhibit, which 
describes the job of the Administration Director in the trading com- 
pany alluded to earlier. The organization chart puts this director at the 
same level as three other directors, all reporting to the managing direc- 
tor. The Administration Director has four section heads reporting to 
him, the warehouse being by far the largest section with twice as many 
people working in it as in the other three sections put together. 

An examination of his job specifications reveals a curious mixture of 
tasks: some are closely prescribed, such as the requirement to keep a 
ledger of physical assets (para. 2) or to supervise maintenance (para. 3); 
while others are described in rather general terms, such as responsi- 
bility for security, training and morale (paras 5, 9 and 10). Precisely 
how he is supposed to carry out these tasks is not at all clear and it 
would obviously require many pages to state in detail the various 
elements that make up each of these functions. Even if an attempt at 
such a detailed description is made, it cannot hope to cover the many 
unexpected situations that an Administration Director may have to 
face. It is also interesting to note that apart from having to resort to 
generalities, this job specification does not give any indication of his 
major preoccupation. The various tasks as listed appear, at least super- 
ficially, to carry equal weights, whereas in reality some have been 
successfully delegated and require virtually no attention at all, while 
others (such as return of merchandise and customer services) occupy 
most of his time, largely because of actions that stem from the sales 
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6 Editorial 


department. The gulf between job specification and reality can thus 
become glaringly uncomfortable. 

Another misconception that many job designers suffer from is the 
principle of divisibility and additivity of work. It is an idea inherited 
from time and motion study, namely that any job is capable of being 
dismembered into several self-contained and independent elements, 
which you can rearrange and reassemble to suit your purposes (subject 
to certain constraints regarding which elements must precede others), 
so that elements performed by one operator are assumed to be inter- 
changeable with elements of equal time duration performed by 
another. As you scan the literature you encounter from time to time 
modelling exercises which are totally dependent on this principle, and 
typically (there are, of course, variations on the theme) they go some- 
thing like this: 


Give n persons, the capacity of the i-th person being p; (measured in 
time units), and m tasks, the capacity requirement of the j-th task 
being x;, allocate the tasks to the n persons so that the total cost (or 
utility) is minimized (or maximized), the objective function being 
dd dy cis 
t J 
where 6;; = 1 if j is allocated to i but 0 if it is not, while c;; is the cost 
(or utility) of i performing task j, and subject to various constraints, 
such as that the tasks allocated to person i should not exceed his 
capacity p; etc. etc. 


In operational research parlance this would be a variant of the knap- 
sack or loading problem, and a suitable algorithm may be developed 
to solve it. The principle of additivity is clearly inherent in such a 
formulation: You can allocate a given task to any qualified person and 
in doing so you can assume that the array and contents of his other 
tasks remain unaffected. 

There are, obviously, many circumstances where such an assump- 
tion is justified, and I have already alluded to the repetitive routine 
jobs in this context. A filing task or a machining operation can be 
assigned to A or to B (if both are capable by virtue of their skill of 
doing the job and if both have the time) without materially affecting 
their other duties. But managerial tasks which are not routine in their 
nature cannot be treated in this way, not just because such parameters 
as cost, utility, task duration and executive capacity are not amenable 
to simple quantification, not even because of the uncertainty and the 
unpredictable nature of the problems that these executives need to 
grapple with, but because of the subtle way in which tasks impinge on 
each other, so that any proposed line of demarcation between 
managers or departments often has the effect of changing the contents 
of some tasks, of creating new ones and of obliterating others. 
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All this is not to say that job specifications for senior and top 
management are a waste of time. Clearly, managers need to operate 
within defined boundaries of responsibilities, otherwise chaos will 
ensue. And any attempt, however limited or tentative, to define such 
boundaries is an exercise in job specifications. But experience tells us 
that as efforts are made to refine such specifications, the point of 
diminishing returns is rapidly reached, and that any search for an 
ultimate optimal solution is bound to prove abortive. Whenever I am 
faced with the task of drawing up specifications I find it useful to be 
guided by the following ten golden rules, which summarize the discus- 
sion above and which I commend to others: 


(1) There is no form of words that can comprehensively describe 
non-routine managerial tasks 


(2) A managerial function can rarely be broken down into self-con- 
tained and mutually exclusive tasks, since they often interact and 
affect each other 


(3) Allocating tasks to individuals is not a knapsack problem 


(4) The quality of task execution is relatively amenable to measure- 
ment for repetitive production-type work, but the quality of per- 
formance of managerial tasks is more a matter of subjective judge- 
ment and/or consensus 


(5) An executive’s perception of the relative importance of tasks 
under his control does not necessarily coincide with the priority 
listing of his superior 


(6) The more tasks are heaped on an executive, the more he needs to 
delegate 


(7) A supervisory role that always redirects and interferes with a 
subordinate’s function makes the subordinate redundant; a super- 
visory role that never intervenes and never changes a subordin- 
ate’s decision is itself redundant 


(8) It is fallacious to assume that a job description can be made to 
reflect the objectives and aspirations of an individual manager, 
since some will invariably clash with those of other managers and 
with those of the organization 


(9) It is fruitless to draw up specifications that totally ignore the 
position of an individual and his relationships with others 


(10) The industrial and business environment is never static; as exter- 
nal and internal changes take place, they affect the balance of 
stresses in the organization structure, so that the job specifications 
of individuals need to be constantly reviewed and updated. 

SAMUEL EILON 
Chief Editor 
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FEEDBACK 


The Vroom-—Yetton Model of Leadership—Model, Theory or Technique 


IN A RECENT editorial Professor Eilon examined the 
Vroom & Yetton Leadership Model. His criticism 
questioned the validity of the seven situational vari- 
ables used in the model. He suggested they seemed 
somewhat simplisitic when applied to analysis of deci- 
sion making behaviour and the style of leadership most 
appropriate to ensure effective implementation. Thus 
the model or theory was restricted in its relevance to 
managerial behaviour. For instance, no reference was 
made to the power structure or politics of the organisa- 
tion that could affect how the decision was made. The 
model assumed a rational approach which could be 
applied in limited circumstances. 

The model is validated by asking managers to ana- 
lyse case studies using constituent variables of the 
model. Alternatively, a manager is asked to categorise a 
past decision using the categories adopted by the 
model. The authors recognise the limitations of this 
approach but nevertheless it casts doubts on its appli- 
cability and explanatory power. What contribution 
does it make to the explanation of leadership 
behaviour? 

The authors refer to their contribution as a model 
and a theory [3, p. 134]. At the same time, not one but 
two models are described, a normative model and a 
descriptive model. The same type of data are used to 
validate the normative model and to build the descrip- 
tive model. They are then compared. To understand 
this approach it is necessary to ask how a model con- 
tributes to the understanding of human behaviour and 
in what way its function differs from that of a theory. 
This is not simply a matter of semantics but a funda- 
mental issue concerned with scientific explanation. 

One eminent writer on the study of the methods and 
logic of science distinguishes between a theory and a 
model as follows: “But the theory and the model have 
different epistemological structures: in the model the 
logically prior premisses determine the meaning of the 
terms occurring in the representation in the calculus of 
the conclusions; in the theory the logically posterior 
consequences determine the meaning of the theoretical 
terms occurring in the representation in the calculus of 
the premisses” [1]. The calculus referred to in this 
quotation can be translated as the statements in the 
premisses of the Vroom-Yetton Model, i.e. the rules. 
According to Braithwaite, models are used to think 
about scientific theories, he categorises them ‘as if 
thinking. To illustrate this idea, hydrogen atoms behave 
‘as if they were solar systems but they are not solar 
systems. It is only helpful to use a model if this fact is 
remembered. 

Does the Vroom-Yetton Model refer to manager's 
behaviour ‘as if the quality of the decision, the degree 
of the subordinate’s commitment and the resource cost 
were the components of the effectiveness of making a 


decision? Apparently not since they examine -the vali- 
dity of each of the rules to determine the extent to 
which they are contributing to the validity of the 
‘model’. It appears that they are prepared to modify the 
rules to conform with the empirical evidence. This 
would mean the logically posterior consequences i.e. 
empirical results, would determine the meaning of the 
theoretical terms occurring in the representation in the 
calculus of the premisses i.e. rules. In this case they are 
trying to develop a theory. This interpretation is further 
supported when they refer to possible alternative hypo- 
theses that could account for the data [3, p. 140]. 

The position of the authors is further confounded by 
the ‘model’ being referred to as prescriptive i.e. saying 
how managers should behave. They say of them- 
selves”... Vroom and Yetton carefully distinguish 
between the behaviourally linked, but analytically quite 
separate, normative and descriptive question of which 
style a manager should and would use in a particular 
situation” [3, p. 135]. This appears to be an artificial 
distinction. Presumably the normative model cannot be 
developed other than from study of the styles of man- 
agement used in different situations. The initial model 
must therefore be descriptive. From this is developed 
an idealised form of decision making associated with 
the various situational variables, namely, the normative 
model. The two models are therefore not analytically 
separate since the elements in the descriptive model are 
reflected in the normative model and vice versa. The 
method of investigating the models confirms this con- 
tention. 

One of the dangers of using models to think about a 
theory is that of transferring the logical necessity of 
some of the features of the model on to the theory and 
therefore wrongly supposing that the theory has a logi- 
cal necessity which is in fact fictitious [1, p. 94]. In the 
Vroom-Yetton studies the logical necessity is not only 
transferred to other parts of their thinking but also to 
the methods by which their data is collected. Managers 
are asked to describe problems in which decisions have 
been successful and affected at least two subordinates. 
They wrote up the case, coded it on situational vari- 
ables, reported which of the five leadership styles was 
closest to the one used and then rated overall solution 
effectiveness, the decision quality and solution accept- 
ance On a seven point scale. The coding of the case 
study into the situational variables gives the data the 
appearance of logical necessity which is really the 
characteristic of the model. This is then used to justify 
how a manager shouid behave in a leadership situation. 
There is an element of self fulfilment about the 
approach. 

The usefulness of a model in scientific thinking is not 
only to understand better the theory to which it relates 
but to explore new directions in thinking about the 
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theory. An example will perhaps make this clear. Infor- 
mation theory has been used in psychology as a model 
to consider human beings as information processors. 
This directed attention to various forms of inputs and 
outputs which could be used to study human behaviour 
against this model. The results of the experiments pro- 
vided data on how the immediate memory functioned. 
This was used in the further development of a theory of 
immediate memory but the constructs of the model 
were not expected to have a physical counterpart in the 
memory processes of an individual. It was ‘as if the 
individual processed information as set out by the 
model. The danger of the Vroom-Yetton normative 
model is that it seems to be indicating that human 
beings do and should behave in the manner prescribed. 
The results of the studies are being used to confirm the 
‘model’ rather than the development of a theory distinct 
from the ‘model’. 

Of the two ‘models’ the descriptive presentation 
holds out most hope for further development. The 
results of the studies reported by Vroom and Yetton 
indicate that situational variables do have an influence 
on the management style adopted. Using combinations 
of the situational variables hypotheses could be devel- 
oped to predict how these affect managerial style in 
specific situations. The hypotheses could then be con- 
firmed or modified from further studies. The body of 
knowledge would then become explanatory. In its cur- 
rent presentation the work does less than justice to its 
potential usefulness by forcing it into an inapproprate 
and misleading form. 

The manner in which the authors set out the norma- 
tive model as a decision tree is perhaps the clue to its 
proper description as a technique. In effect, it presents 
problem solving behaviour in sequential steps empha- 


sising that a successful solution is linked to acceptance 
by subordinates which in turn is associated with leader- 
ship styles reminiscent of those used by Tannenbaum 
and Schmidt [2]. The usefulness of this technique is not 
in codifying the method of decision making for given 
situations but as a starting point from which to discuss 
with managers how they make decisions. A dogmatic 
presentation of the technique would place the approach 
in the mould of work study. Vroom and Yetton would 
be open to the charge of advocating one ‘best’ method 
of selecting a decision making style. This is a criticism 
they make of traditional models prescribing one ‘best’ 
style. The authors certainly do not present their work 
in this manner but its format does readily lend itself to 
such misuse. 
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Coping with Complexity 
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We offer a new typology of problems according to such attributes as the fuzzy set of possible 
solutions, the fuzzy set of properties a solution should have, the fuzzy set of knowledge necessary 
and sufficient to find a solution, deadlines and constraints. Problems are ranked by degree of 
‘structuredness’ from well-structured to ill-defined. Some real problems are shown to be ill-defined 
and the causes of their inherent imprecision are traced. A model for coping with ill-defined problems 
enables us to estimate an optimal degree of precision in both dealing with the problem and in 
requesting information to help cope with it. This has interesting implications for the design of 


information systems. 


INTRODUCTION 


WHEN SIMON [15] completed his study of ad- 
ministrative behavior, he had shifted the 


emphasis from the art of ‘getting things done’ 
that is, from the study of action, to the study of 


decision-making or the determination of what 
is to be done. The 8-yr period of Simon’s study 
was also one of exceptional creativity in the 
development of a mathematical foundation for 
decision theory [18,19]. A decision problem 
was regarded to be specified by (1) a set of 
alternative acts, (2) a set of possible states that 
the decision-maker’s world could be in after an 
action is to be taken and (3) the net benefit that 
the decision-maker can expect from each state- 
action contingency. 

. We call ‘problem solving’ the activity of 
making a rational choice among the options 
when that requires us to use expert knowledge 
and lengthy chains of deductions or inductive 
inferences. Playing chess differs from gambling 
in a lottery in that we need to think and know 
more in deciding on a move than we do in 
placing a bet. It is therefore more typical of 
problem-solving than, for example, poker. 
‘Rational’ does not necessarily refer to adher- 
ence of criteria for optimization or maximiza- 
tion of expected utility but to the behavior of 
people in risky choice situations according to 
laws and psychologically significant criteria 


that we are only now beginning to discover 
[17]. 

Amarel [1, 2] has conceptualized a ‘problem’ 
as being a statement that specifies three sets: 


(1) The set of all possible solutions, illustrated 
by the italicized phrase in “Find all 
integer pairs (x,y) such that 3x + 17y = 51 
using Euclid’s algorithm.” 


(2) The set of properties a solution should 
have, illustrated by the phrase 
“3x + 17y = 51” in the above problem- 
statement. 


(3) The set of statements representing what is 
known that is necessary and sufficient to 
find a solution, illustrated by the phrase 
“using Euclid’s algorithm” in the above 
problem-statement. 


Computers have been tools for vastly ampli- 
fying our ability to solve problems that are 
reducible to arithmetic. But they are now also 
recognized as tools for transforming our very 
conception of problems and problem-solving. 
That has a far greater impact. Recent models of 
human information processing have led to new 
approaches to the study of human problem- 
solving [5—7,10,12]. Higher-level program- 





12 


ming languages have enabled a computer user 
merely to express his problem—not necessarily 
a mathematical one—in that language 
with the expectation that the computer 
system (compiler, etc.) will work out the 
detailed steps of a solution procedure as well as 
their execution. 

It seems that most of our education, from 
kindergarten to graduate school, trains us for 
problem-solving in this sense. Yet, it is ironic 
that most of us seldom encounter situations 
outside schools, laboratories or computer sys- 
tems that necessitate the making of decisions 
that we recognize as resembling the so-called 
‘problems’ to which we refer in the above sense. 
Our most important choice tasks, such as 
choosing a job or a career are not ‘problems’ in 
this sense. Those who are highly skilled in such 
problem-solving (even with the aid of sophisti- 
cated computers) are often not the best 
equipped to do well in real choice situations. 
According to a more realistic model of prob- 
lem solving [11], this process involves: (1) con- 
ceptualization ; (2) modeling; (3) model-solving; 
(4) implementation, as systemically integrated 
subprocesses. The corresponding attempt to 
analyze this model, however, still assumes the 
existence of a well-defined time-varying goal 
G(t) and a performance function a(t) such that 
discrepancies between the two can be specified 
and lessened. It is doubtful that the mathemati- 
cal representation used in such models, e.g. 
conceptualizing G and a, so that G—a (subtrac- 
tion) is meaningful, captures the essence of 
‘problem-solving’ in real life. We propose in 
this paper to reexamine our conceptualization 
of what a ‘problem’ is with specific emphasis 
given to the ‘ill-structured’ problem. Specifi- 
cally, we replace the notion of a ‘problem’ by 
that of a ‘task-situation’. We propose to replace 
‘problem-solving’ by the term ‘coping’. We 
argue that we are likely to cope well with 
simple task-situations when our representation 
of these situations is as precise as possible. 
However, if a task-situation is complex, we fail 
to cope if we represent the situation not only 
too vaguely but similarly if we view it with 
excessive precision. We find, in fact, that there 
is an optimal degree of precision with which to 
view complex task-situations. 

The new idea we propose here is to charac- 
terize a problem not only by (1) the set of all 
possible solutions, (2) the set of properties a 
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solution should have and (3) the knowledge 
necessary and sufficient to find a solution, but 
on the basis of criteria based on constraints of 
(4) time, (5) information processing and (6) 
emotional and social factors as well. The im- 
portance of time constraints or deadlines is of 
course well known to every manager, whether 
he manages only himself or others. A ‘solution’ 
after the deadline is no solution. Even in 
schools and psychological laboratories there 
are implicit time constraints, though neither 
teachers/experimenters nor students/subjects 
always regard these explicitly as part of the 
task-situation. Information-processing con- 
straints are another important part of a task- 
situation that should be explicitly recognized. 
(Simon was among the first to stress this). A 
shopper in a supermarket may be aware that 
he/she could buy a ‘better’ basket of commodi- 
ties (e.g. meeting nutritional requirements, least 
cost) with the help of a linear program than by 
browsing and responding to advertisers’ cues 
etc., but unless he or she had a programmed 
calculator to do this (with all necessary coeffi- 
cients—e.g. the number of grams of protein/gm 
for each item of interest in the supermarket), 
the necessary information processing capacity 
is lacking. 

The social and emotional constraints in the 
task-situation have, to our knowledge, not yet 
been identified. Possibly they may have the 
greatest importance among the six attributes of 
a task-situation. Even if the supermarket shop- 
per had the required information processing 
capacity, he or she may be unwilling to be seen 
by acquaintances as someone who computes 
what to buy. The computation could be made 
at home, with a catalog as input to the home 
computer and a shopping list or order as out- 
put, and the order could even be automatically 
placed, filled and processed. But the shopper 
might miss browsing in the supermarket not 
only among the goods but amongst the other 
shoppers as well. 

There is a second new idea of great import- 
ance that we now introduce. That is the pre- 
cision of these six sets of attributes of a task- 
situation. The set of possible choices between a 
and b is less precise than the set of choices 
among values of a probability with which to 
make one of the two choices. It is less precise 
because it does not specify whether the choice 
between a or b is to be made by tossing a coin, 
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casting a die, according to a pattern, rule, etc. 
Minimizing the expected loss is a more precise 
statement of a property desired in a solution 
than ‘winning as often as possible’. 


SIMPLE TASK SITUATIONS 


It is plausible that for such tasks as an odds- 
even game, (a simple task situation in which 
each of two players can simultaneously put 
forth one or two fingers with one player win- 
ning if the combined number of fingers is even) 
the greater the precision in specifying (1) the set 
of possible solutions, (2) the desired properties 
of a solution and, (3) the knowledge needed to 
find a solution, the greater the chances of find- 
ing a satisfactory solution. This is not evident 
for the attributes 4-6 mentioned in the pre- 
vious section. Specifying with great precision a 
deadline by which a choice in the game must 
be made may be less productive than leaving 
some latitude for loose interpretation; total 
vagueness is counter-productive as_ well 


because it confuses. 

Similarly, too precise a specification of infor- 
mation processing requirements could incur 
the risk of overestimation resulting in unused 


capacity or inefficient use of costly resources or 
of underestimation, leading to ineffectiveness 
or other inefficiencies. Too little precision in 
specifying needed information processing capa- 
city gives no guidance with respect to the 
means by which the needed resources may be 
procured. There may be an optimal degree of 
precision providing the decision-maker with 
the flexibility to adapt to the needs as he learns 
them. Finally, very precisely specified criteria 
for affect or social interaction engender exces- 
sive rigidity that makes behavior appear auto- 
matic and inhuman, while totally unspecified 
criteria lead to permissiveness and uncon- 
trolled behavior. Both extremes are generally 
counterproductive. 

As an example of a counterproductive way 
of representing a simple-task situation, let us 
take the case of two individuals engaged in a 
game in which each can simultaneously put 
forth one or two fingers. One player receives a 
penny from the other if the combined number 
of fingers is odd and vice-versa if it is even. 
This can be accurately represented as a zero- 
sum game with payoff matrix 


1 fir zer 
1 finger 1 
2 fingers | —1 


—1 l 
for one of the players and ( 9: PR ) for his 
opponent. 

A poor representation of this situation is one- 
in which a person believes that, at each move: 


(The parentheses denote a set) 


(1) his options for action are: (‘one finger’, ‘two 
fingers’); 


(2) the basis for his choice should be to: (win 
as often as possible, beat the opponent); 


(3) what he needs to know to decide is: (a pat- 
tern in the opponent’s choices, a telepathic 
signal); 


(4) his time constraints are: (to decide in less 
than a second or so); 


(5) his information processing requirements 
are: (to consider only elementary patterns, 
to guess without thinking); 


(6) his psycho-social criteria are: (to appear as 
a regular person rather than one who calcu- 
lates his moves, to conceal his decision by 
maintaining a pokerface). 


Most people who play this do not know of or 
think of the idea of a mixed strategy in a zero- 
sum game. Yet, it can be experimentally veri- 
fied that they select one finger at random ap- 
proximately half the time, just as game theory 
predicts. It is a very simple task to perform, 
partly because it does not depend greatly on 
the quality of how a player represents the task 
to himself. 

While, for attributes (1)-(3) of a simple task- 
situation, coping appears to be enhanced by 
the maximum precision that the decision- 
maker is capable of, there may be an optimum 
degree somewhere between the lowest and 
highest degree of precision in specifying attri- 
butes (4)-(6). The simpler the task-situations, 
the closer that optimum degree is to the maxi- 
mum. 


TOWARD GREATER COMPLEXITY 


What makes a task-situation more complex? 
We extend the definition of complexity used in 
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computer science so that not only task-situa- 
tions with greater information-processing re- 
quirements but also those which cannot be 
readily (or at all) represented as well-defined 
problem-statements are regarded as more 
complex. As an example of a task-situation of 
intermediate complexity, consider a person in a 
moderately satisfying job who is offered a new 
job with much better pay. One representation 
of six attributes of this problem-situation is: 


(1) Options = (Keep present job, accept new 
job). 


(2) Desiderata of choice = (Maximize income, 
optimize self-actualization). 


(3) Needed knowledge = (Detailed data 
regarding new job, awareness of priority 
feelings). 


(4) Time criterion = (Decision in two weeks, 
decision in two months). 


(5) Information Processing Criteria = (Analy- 
tic reasoning, ‘Clinical’ judgment). 


(6) Psychic Criteria = (Be and appear decisive, 
rigidity). 


In terms of the self-actualization criteria, the 
decision-maker could represent attributes (1) 


and (2) in the form of a payoff matrix, as 
follows: 


Keep 
present job 


Take 
new job 





Feeling of high self- 
actualization, incl. pay 


Net benefit 
High 


Net benefit 
Very high 





Feeling of low or med. Net benefit 
self-actualization, incl. pay Very low 


Net benefit 
low 





He is uncertain about his future state of well- 
being, especially if he takes the new job. There 
are at least two kinds of uncertainty. One is 
illustrated with the example of a person’s inabi- 
lity to predict whether a tossed coin will land 
heads or tails; another, by whether a tossed 
coin is ‘true’ or ‘false’. The categorization of 
coins into ‘true’ vs ‘false’ is a particular repre- 
sentation. It reflects a particular state of 
(imperfect) understanding (as opposed to 
confusion), much as does a classification of job- 


satisfaction criteria into income and self-actua- 
lization criteria. The further classification of 
self-actualization into high and low degrees 
illustrates yet another degree of constrained 
freedom in the hierarchical representation of a 
task-situation. The decision-maker is free to 
categorize self-actualization in many ways but 
the choices are subject to a constraint in so far 
as they all must pertain to self-actualization. 

Kahneman and Tversky[17] showed that 
preference among two hypothetical job offers 
depends on the subject’s present position. If he 
is earning $17,000 with a 30% chance of pro- 
motion within three years, he is 1} times as 
likely to prefer a change to ($18,000 annual 
salary, 60% chance of promotion in 3 years 
over a change to ($16,500, 90%). If,-on the 
other hand, his present position is ($15,000, 
75%), then he is 8 times as likely to prefer a 
change to ($16,500, 75%) over a change to 
($18,000, 60%). 

Different decision-makers differ with respect 
to how they understand, imagine, conceptualize, 
a task-situation. This is reflected in their repre- 
sentation. That preferences vary with a de- 
cision-maker’s frame of reference is well known 
[17]. Different laws appear to govern the be- 
havior of people in dealing with uncertain and 
imprecise situations than the laws of rational 
behavior according to probabilistic decision 
theory—e.g. maximizing expected value. 

Clearly, a precise representation of all 
aspects of a completely random system is im- 
possible. But while certain macroscopic attri- 
butes can be described with precision, all 
microscopic details cannot. This imposes an im- 
plicit limitation on the facility with which an 
individual can cope with a complex (i.e. uncer- 
tain or random) task-situation. 

It would appear that randomness is not the 
only aspect of a task-situation that makes it 
complex. The cardinality and fullness of the 
sets used in specifying the six attributes also 
contribute importantly to complexity. The set 
of possible solutions for a complex situation 
involves more variables and a larger range for 
each variable than is the case for a simpler 
situation. For example, the number of first- 
order variables considered in the design of cars 
in the 1970’s was greater than the number in 
the 1950s when pollution, for instance, was 
only a second-order effect in light of fewer 
existing cars. 
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The set of properties a solution should 
satisfy is larger for a more complex situation. 
Some of the desiderata that are added as com- 
plexity increases originate from greater interre- 
lations among variables. For example, relations 
among variables in designing cars in the 1970s 
still need take but little account of the trends in 
communication. As both transportation and 
communication technologies develop, the 
demand patterns for each may begin to inter- 
act. The interactions add additional properties 
and constraints that desired ‘solutions’ should 
satisfy. 

The amount of relevant knowledge useful in 
finding a solution is much greater—as well as 
more difficult to specify, find, understand and 
use—as the task-situation increases in complex- 
ity. Stakes are higher and more irreversible. 
Complex task-situations demand more of a 
break with traditional ways of thinking than 
do simple ones. A task that is but a minor 
variant of one we encounter frequently is not 
complex. A task that is quite unlike any we 
have ever encountered is complex because we 
must think quite differently about it. More 
massive shifts in representation, in our concep- 
tualization, are required. Relevant knowledge 
is far more difficult to identify and recognize. 
Time constraints are more demanding for 
complex tasks, and information processing re- 
quirements are greater. In this respect, a com- 
putationally complex task-situation is also 
complex in our sense. More and more subtle 
social and psychological criteria also increase 
complexity. 


REPRESENTATIONS OF COMPLEX 
TASK-SITUATIONS 


Among the most complex task-situations are 
those involving human systems, particularly 
those in which many diverse people interact in 
ways that give rise to new forms of social organ- 
ization, and to new self-generating behavior 
patterns. We can imagine, for example, a small 
group of people in a community having to 
decide on a new mayor or chief of some ser- 
vice. Suppose that they agree to meet in order 
to select the candidates, in essence, the set of 
possible ‘solutions’. Each participant may bring 
with him a different agenda. The first task is to 
reach some agreement about the agenda, about 
a consensual way of viewing the common task- 


OMES 1 B 


situation. If each participant starts with a 
slightly different understanding, then a com- 
mon image of the situation may emerge as the 
members learn—i.e. revise and adjust their im- 
ages by mutal interaction. 

The task-situation includes the participants. 
If they start with very diverse images or points 
of view, then the situation is more complex, 
and it may take far longer for them to reach a 
common understanding if they reach one at all. 
If one participant’s outlook is primarily politi- 
cal, with a cognitive style characterized by con- 
creteness and action—orientation (rather than 
reflectiveness) while another is primarily ration- 
al, abstract and reflective, a meeting of minds 
may be hard to reach. 

Agreement on what properties a solution 
should have is harder to reach if the partici- 
pants have different value systems. Only after 
they have converged on at least an approxima- 
tion of a common image of the task-situation 
can they proceed to resolve their value con- 
flicts. This is obviously more difficult when 
values are far apart, and thus task-situations 
which involve such diverse participants tend to 
be more complex. The most acrimonious con- 
troversies can arise over the qualifications of 
the ideal candidate for the post. Often political, 
rational and normative aspects are confused 
and interchanged in the debate, with a partici- 
pant arguing for the importance of some trait 
that his favorite candidate happens to have. 
The reasons, however, why he may favor that 
candidate may focus primarily on political self 
interest (who controls what). 

After many participants have managed to 
share some perception of the task situation by 
agreeing on the options and even on the desi- 
derata of an ideal option, it might be assumed 
that the knowledge needed to choose the candi- 
date could be easily identified, found and used, 
because there is a greater chance for at least 
one of the participants to have the required 
expertise or experience. However, if the diver- 
sity of expertise is fragmented and uncoordin- 
ated, the ensuing search can just as easily turn 
into a cacaphonous Babel. People who come 
from vastly different intellectual worlds do not 
speak the same language. The cycle of attempt- 
ing to share conceptualizations, points of view, 
images and knowledge, followed by attempts to 
resolve value conflict merely starts over, but at 
a different level. 
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Different participants in a situation also 
have diverse perspectives about time. Some 
understand the art of strategically timing key 
decisions, while others are oblivious to the 
passage and value of time. A task-situation in 
which the timing of group decisions to be made 
is ambiguous or uncertain, possibly due to 
widely differing views about when the decision 
is due, is complex if only because the partici- 
pants may expand their energies and budget 
their time in totally incompatible ways, leading 
to interference, divergence, confusion and frag- 
mentation. One of the key tasks of a coordina- 
tor is to synchronize the time schedules of 
various participants. 

Does the information processing capacity of a 
group of information processors exceed that 
of the individuals in a super-additive way? A 
conjecture from studies on the logic of induc- 
tion suggests that it can. An expanding, inter- 
acting community of interactive trial and error 
machines will eventually identify any partial 
recursive function, with each member of the 
community receiving a  non-terminating 
sequence of ordered pairs that constitute the 
function [14]. Thus, an ever-growing com- 
munity of machines, each of which can even- 
tually identify the relations of the form “There 
exists x, such that R?(x,,x)” for all two-place 
relations R? can eventually identify relations of 
the form “There exists x, and for all x. such 
that R°(x;,x2,x)” for all three-place predicates 
R(X, of the Kleene Arithmetic Hierarchy). In 
this sense, an expanding community can gener- 
ate (as well as cope with) more complex situ- 
ations than a single member. 

Finally, the affective and social aspects of a 
situation often become very pronounced only 
when there are many participants in a situ- 
ation. If diversity of cognitive styles contributes 
to situational complexity, then the diversity of 
emotional response patterns and social interac- 
tion styles complicates it further. A major 
source of this complexity is a lack of awareness 
not only regarding how others feel and how 
they are affected by our behavior, but by our 
own feelings and likely reactions directed at the 
behavior of others. Another source of complex- 
ity are the social traps [13] or ‘catch-22’ situ- 
ations that are often generated by certain 
people, especially when they gravitate toward 
others like themselves in an effort to create self- 
perpetuating ‘catch-22’ situations. A person 


may, for example, nominate one of his peers to 
an open post only then to present all the 
reasons why he would not be a good choice, or 
get the candidate elected and then do every- 
thing he can to keep him from controlling the 
situation. Situations characterized by social 
complexity present participants with difficult 
trade-offs between seemingly conflicting 
options, options of which they are frequently 
unaware or by which they feel entrapped. It is 
this latter feeling that contributes to the funda- 
mental complexity of task-situations. 


COPING BY MODIFYING 
REPRESENTATIONS 


Living systems, and human systems, in par- 
ticular, have a remarkable ability to survive, to 
‘muddle through’ task-situations which our 
most cleverly designed and most ‘intelligent’ 
non-living systems would very probably not 
survive. If the rule ‘that anything that could go 
wrong will go wrong’ applies to the complex 
systems we build, then a rule such as ‘anything 
that could go right will go right’ may apply to 
the human systems that have naturally evolved. 
Deliberate efforts to destroy a species or a 
defunct human institution have often proved to 
be quite unsuccessful, as these systems, like 
new strains of bacteria or weeds, develop 
unforseeable forms of resistance and resilience 
faster than they can be overcome. The concept 
of coping applies to adaptive survival in 
human systems that we value; it also applies to 
bacteria that we value negatively (e.g. mutants 
of viruses in hospitals that adapted to resist 
antibiotics). We confine our attention here to 
its use in human systems in which how the 
participants represent their task-situation is the 
primary aspect of coping. 


PRECISION AND ITS EFFECT ON 
THE REPRESENTATION 


We focus even more sharply on one aspect of 
a representation: its precision. We now try to 
show that for a complex task-situation, an 
ideal representation has an intermediate rather 
than an extreme degree of precision. As an 
example, we analyze the task-situation in 
which one member of a department is to be 
chosen as its chairman and persuaded to 
accept. Snow [16] has provided a masterful de- 
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scription (fictional) of how.a college in Cam- 
bridge coped with such a situation. 

Suppose that only two ways of imagining the 
situation exist among the group members: (1) 
only people who do not threaten the vital 
interest of key people in the group are accept- 
able; (2) anyone with a sufficiently strong per- 
sonality and capable of leadership is accept- 
able. Adherents of neither view are or care to 
be too precise in specifying ‘vital interests’, 
‘strength of personality’, etc. Yet each suffi- 
ciently understands the others’ interpretation 
of these terms so that he feels concerned and 
objects. One participant who feels he ought to 
be chairman may try to persuade others that 
he should be a candidate, and he may in the 
process make different, and even contradictory 
statements to different potential constituents. 
The truth of these statements may be second- 
ary to their effectiveness in persuading listeners 
to vote for him. Astute listeners are aware of 
this, and also of the possibility that the rare 
candidate who speaks only the truth may not 
be very promising. How can they cope with the 
first task, of setting up a set of possible solu- 
tions, i.e. of candidates? If they imagine some 
ideal candidate in too much detail and too 
exactly, no one will fit; nor will they agree. If 
they imagine him too vaguely, they have made 
no progress. Successful professional image- 
builders often select just the right degree of 
precision. 

Coping with value conflicts can also be 
helped by the deliberate attempt to avoid both 
excess precision and excess vagueness. Time- 
honored statutes and’ moral maxims reflect 
these compromises in their language. “Thou 
shall not kill’ owes its force partly to its lack of 
specificity. The potency would be diminished if 
qualified by numerous clauses such as ‘except 
in the case of war, or ‘any normal human 
being after conception, etc. In the case of 
selecting a leader, some may give highest prior- 
ity to those qualifications that will best help 
the group he leads to survive and grow; others 
may stress primarily his ability to accomplish 
aims that he values more highly than the 
group’s survival. 

In Fig. | we sketch an algorithm that identi- 
fies an optimal degree of precision in specifying 
needed knowledge. Let us take for example the 
group that feels as if it needs to know each 
candidate’s managerial skill to remove some of 


the uncertainties. They enter their concern into 
an ‘information system.’ A good information 
system would not force its users to rephrase 
their concern with greater precision just so that 
it can be provided with information at the level 
of specificity it stores by asking as output such 
questions as, ‘will you accept performance 
score on test X as an indicator of managerial 
skill? It should inform the user that it cannot 
help him unless he specifies his concern with 
greater precision; it should help him to do this 
as well. Similarly, it should have some useful 
response at each level of specificity. If the user 
is too specific, he may not find any useful infor- 
mation at all; if he is too vague, he may get 
some useful information which lays buried in a 
vast array of items that are not useful, thus 
leaving him little better off than before consult- 
ing the information system. By adjusting a 
level-of-specificity knob in both directions, he 
may eventually reach a level where his request 
for knowledge is represented by ‘which reliable 
sources can give first hand accounts of this 
candidate’s managerial skills’. Most employers 
do this right away and we argue that this con- 
tributes to the success of human systems 
beyond that which we have right or reason to 
expect. 

Figure 2 provides an overview of our six 
attributes applied to task-situations of simple, 
moderate and high complexity. In each cell of 
the table we show a curve indicating how the 
probability of success in coping varies with the 
degree of precision in the representation of that 
aspect of the situation. These curves should be 
interpreted as hypotheses to be tested experi- 
mentally and derived from our model. It is 
clear from Fig. 2 that in more complex task- 
situations more of our six attributes are char- 
acterized by an optimal degree of precision 
that falls between the extremes of ‘most precise’ 
and ‘completely vague’. Here ‘optimal’ refers to 
maximization of the probability of coping. 

As we face increasingly complex situations, 
our chances of coping are enhanced when we 
view these situations neither too vaguely nor 
too precisely, but at some appropriate level in 
between. 


CONCLUSION 


The precision with which we view a task- 
situation is an important determinant of how 
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Fic. 1. Illustrating convergence to an optimal degree of precision in specifying knowledge needed to 
cope with a task situation. 
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Fic. 2. Attributes of task-situations and their representations.' 


well we cope with it. This assertion is based on 
a new qualitative model stimulated by several 
examples. It has yet to be tested by empirical 
methods. It corresponds to Mitroffs stress on 
the importance of ‘global views of a problem,’ 
but differs from the latter in stressing the im- 
portance of the exactitude with which such 
_ views are held. It is consonant with the findings 
of Tversky and Kahneman regarding the im- 
portance of frames of reference. It is premature 
to claim that the exact mathematical machin- 
ery of Fuzzy Set Theory is appropriate or 
necessary for the further development of our 
model. 
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A technological barrage has been fired on the office environment in an attempt to attack rising costs 
and improve productivity. Although very new, a dramatic level of effort is already being applied. The 
state of the art is changing daily but so far the problems still outnumber the solutions. The 
opportunities to contribute are significant. This paper briefly describes the scene, characterizes the 
state-of-the-art and suggests an entry strategy for the OR professional. The probable response of the 


OR profession is considered. 


WHAT IS OFFICE OF THE FUTURE 


THE EDP ANALYZER [3, p. 1] observes that 
the office of the future will include electronic 
equipment connected to a communications 
network thereby creating an integrated, multi- 
_ function, electronic system within a company. 
This system will encompass not only the intra- 
company office network but also a connection 
to an external network for electronic communi- 
cation with the outside world. Typical functions 
in the office of the future are: word processing 
for the generation of formal and informal cor- 
respondence, electronic message systems for 
person-to-person communication, facsimile for 
rapid document and graphic transmission, elec- 
tronic, file cabinets, for document storage and 
retrieval, and links to various corporate files 
and outside services. All of these services would 
be accessible from electronic work stations. 
From the viewpoint of technology, the above 
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functions will be provided by various mixtures 
of hardware, software and telecommunications. 
The components of office of the future tech- 
nology can be conveniently grouped into four 
categories reflecting an information processing 
orientation: 


@ Information Gathering 
@ Information Distribution 
@ Information Storage 

@ Information Query 


Under each of these headings one can mar- 
shall a formidable list of components ranging 
from voice activated input devices to decision 
support systems (A partial list can be found in 
[3, p.10]). Some of the components exist today 
and are widely used while others are still in the 
early stages of development. 

A recent newspaper article stated the follow- 
ing: 


“A multi-billion dollar race is underway to be first 
through the door of the automated office of the future. 
But none of the 70 or so companies involved can say 
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with certainty exactly what that office will look like, or 
even when it is likely to materialize... 


... By 1982, according to Quantum Science Corporation, 
the market for such office-related equipment as high- 
speed printers, photo-typesetting machines, long-dis- 
tance facsimile communications gear and word process- 
ing terminals should reach $15.1 billion annually...” 
[12, p.B16). 


A leading consultant in the field has 


observed: 


“The business community is about to move into the 
brave new world of Office of the Future technology. It is 
in its infancy; it is still not clearly defined; it is telecom- 
munications-based, and it is aimed at providing manage- 
ment with technological assistance in its interaction with 
a company’s information network. And its success will 
depend, to a very great extent, on management's ability 
to humanize technology” [5]. 


Whether described as the automated office, the 
electronic office or the office of the future, the 
reference is to a new way of handling business 
documents and person-to-person communica- 
tions in the office. Carlisle [4] emphasizes that 
today the office is a ‘place’ but that tomorrow 
it will be a system. 

My view is that today’s office is a system but 
one that has not been clearly defined. To get to 
the office of the future and to capitalize on the 
tools available now and those rapidly emerg- 
ing, it will be essential to identify, describe, 
design and measure the office as a system. 

The thrust of this paper is not to describe the 
specifics of office of the future technology. 
There is no doubt that the technology will 
emerge at an ever increasing rate. There is con- 
siderable doubt as to our state of readiness anu 
ability to absorb the technology as something 
other than an end in itself. Inherent in this very 
new activity area are major problems and 
opportunities. I believe the operational 
research profession can and should make a 
major contribution to the evolution and it is 
with this in mind that I have prepared my 
comments. 


PERSPECTIVES ON THE 
PROBLEM/OPPORTUNITY 


This area of activity, like most others can be 
investigated, discussed and evolved from 
several perspectives; for example, a technology 
view, a process view, an implementation view. 
All of these and more are legitimate and useful 


and require a great deal more search and dis- 
covery than has been done to date. 

It would take considerably more time than is 
available, nor is it essential for my purposes, to 
describe in depth the current state of the art of 
office of the future. Briefly, it is likely that most 
observers would agree with the following sum- 
mation: 


(1) No one has yet achieved an office of the 
future although a growing number are in 
various stages of the evolution. 


(2) A great many of the necessary technologi- 
cal components exist and are in wide- 
spread use for other purposes in environ- 
ments other than the office. 


(3) The users’ needs are not clearly defined 
but, even so, experience to date indicates 
the technology available has not been 
packaged to meet the users’ needs cur- 
rently perceived. 


(4) There are no specific methodologies for 
research, design and implementation. 


(5) A growing number of suppliers are build- 
ing and trying to market a growing list of 
products. 


(6) A few companies, notably very large orga- 
nizations, have established experimental 
activities and some of them are talking 
about their results but in a cautious way. 
More are joining the search daily. 


(7) To date, too much emphasis has been 
placed on technology and not enough on 
the utilization of the technology—particu- 
larly with respect to the ‘people’ and orga- 
nizational issues. 


(8) In particular, the emphasis in practice has 
been on word processing technology. 
However, it is recognized already that this 
is a limited perspective and, of itself, will 
not produce the results to match the grow- 
ing expectations of the potential users of 
office of the future technology. 


(9) There is evidence of the emergence of user 
groups, professional bodies and, of course, 
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consulting organizations anxious to capi- 
talize on a new market. 


‘10) There is a growing body of literature. 


(11) There is not a clearly stated context for 
this activity area. 


Another way to characterize the state of the art 
is to consider the unanswered questions being 
raised by those who are active in the field. 

The Office Technology Research Group held 
its founding meeting in June, 1978. John J 
Connell, Executive Director of this new group 
and former Vice-President of Administrative 
Services for Atlantic Richfield Company sum- 
marized the situation this way [6]: 

Industry and government are on the thresh- 
old of a new world in office operations which 
many call the Office of the Future: 


@ There is a pressing need to improve office 
productivity. 


@ An explosion is taking place in new office 
technologies aimed at meeting that need. 


@ These technologies have implications far 
beyond ordinary office automation efforts. 


@ This change in the office must be managed 
in an intelligent, coordinated way. 


At this founding meeting, the proceedings 
encompassed topics such as videoconferencing, 
word processing, telecommunications, electro- 
nic mail, space planning, human and organiza- 
tional considerations and automatic speech 
recognition technology. The following are a 
representative sample of the questions asked in 
the discussion sessions which followed the 
presentations: 


@ Did the analysis of videoconferencing 
versus travel costs consider lost opportu- 
nity costs associated with travel? 


@ How does one measure word processing 
productivity? 


@ How can managerial activities be ana- 
lyzed? 


@ What characteristics and capabilities will 
be designed into future office buildings? 


@ Is the problem with developing a speech 
recognition capability theoretical and 
technological? 


@ What are the security aspects of fibre 
optics? 


@ What is the probable telecommunications 
medium for interconnecting future man- 
agement work stations? 


@Are the benefits of computer-based 
correspondence systems great enough to 
persuade managers to use _ typewriter 
terminals? 


@ What impact will electronic message sys- 
tems have on the management process? 


These questions, somewhat deliberately 
selected, serve to illustrate several points. 


@ The spectrum of activity is staggering. 


@ There is obviously fertile ground for an 
almost limitless sequence of PhD theses. 


@ There is a ring of familiarity—similar 
questions in different fields. 


@ There is a hand-hold or two for the opera- 


tional researcher—familiar concepts— 
opportunity costs, productivity measure- 
ment, the management process and cost- 
benefit analysis. 


To describe the state of the art from a tech- 
nology perspective would require a treatise on 
two related fields each of which is complex in 
its own right—computers and telecommunica- 
tions. It is clear that the office of the future as 
envisioned by its proponents will rest on a 
foundation of these two technologies. Both 
these areas have made dramatic progress in the 
last two decades and they are still growing 
exponentially. It is perhaps useful to briefly ac- 
knowledge the results of one study conducted 
by EXXON Corporation [3, p.5]. They have 
identified three missing pieces of technology 
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which they consider vital to the office of the 
future: 


@ The ability to provide automated indexing 
coupled with information storage and re- 
trieval capabilities for non-structured 
information, for example, letters and ad- 
ministrative messages. 


@The ability to capture electronically 
printed information that has been gener- 
ated outside of the company. 


@ The ability to capture verbal information, 
before it is printed. 


It should be obvious that if this latter problem 
were solved, many of the others would evapor- 
ate. The forecasts for any solution to this, let 
alone a cost-effective one, in the foreseeable 
future are not optimistic. 


THE PROBLEM 


Against the background of the current state 
of the art, the problem, as I see it, is one of 
complexity arising from the convergence of 
technologies focused on a ‘new’ area—the 


office. We are facing this new target without a 
conceptual framework, without much knowl- 
edge of what today’s office is and with only 
marginal success at utilizing the technologies 
we have already despite at least two decades of 
effort. 


Is the automated office inevitable? If yes, 
what should be the objective of office automa- 
tion? Clearly, the answers differ depending 
upon whether you are a user or a provider of 
the technology. It is reasonable to expect that 
one might wish to reduce cost and improve 
efficiency while the other might wish to 
increase revenue from sale of the products. 

From the viewpoint of the user, who should 
lead the attack on the problem? Is it the data 
processing executive who understands the com- 
puter, the administrative executive who under- 
stands the office or the telecommunications 
expert who understands today’s electronic 
communications? 

How does one plan the transition to an 
office of the future? Can it be managed in an 
orderly evolutionary way or must it be revolu- 
tionary? Is the answer different for different 


kinds of offices? For example, will an auto- 
mated legal office require the same systems and 
functions as an automated banking office? 

These and many other questions are being 
asked today by a growing number of business 
and research organizations. As always, the 
early answers are a combination of pragmatics, 
organizational dynamics and force of circum- 
stances. 


TODAY’S APPROACH CONSIDERED 


Given that this area of activity is in its rela- 
tive infancy, it is somewhat unfair, if not pre- 
sumptuous to criticize the efforts being 
expended today to attain office of the future 
status. This is particularly so given the search 
and discovery nature of the current phase. One 
is reminded however of Rabbit’s comment on a 
search [8]: 


“Now,” said Rabbit, “this is a Search and I’ve organized 
it—” 

“Done what to it?” said Pooh 

“Organized it. Which means—well, it’s what you do toa 

Search when you don’t all look in the same place at 
once.” 


Today’s search does not appear to be fully 
organized although it would be difficult to 
argue that everyone is looking in the same 
place at once. 

Two particular characteristics of the current 
Status are worth reiterating. First, there 
appears to be an over-emphasis on building the 
products. This is not surprising given the lure 
of the projected market—even if the forecast is 
only half correct. Second, in comparison to the 
product development thrust, there is a decided 
imbalance of research reported to date on the 
people and organizational issues. 

A third impression which appears, as one 
attempts to absorb the growing body of litera- 
ture, is a certain ambivalence relative to the 
expected source of benefits from the office of 
the future. Some feel that the payoff lies in 
increased productivity of the clerical worker 
while others emphasize the opportunity for im- 
proved managerial productivity. A third view is 
that both of these are too narrow; that the 
payoff will come from increased productivity of 
the knowledge worker. This latter view pre- 
sumably encompasses managers, engineers, 
scientists, mathematicians, operational 
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researchers and all those who work with their 
minds and a pencil. 

Semantics aside, the common thread is im- 
proved productivity. The difficulty is how to 
measure it. 

An interesting perspective on office of the 
future lies in a simplistic model that views the 
world as consisting of two groups—the factory 
workers and the office workers. A rich harvest 
of statistics has been gathered against this 
model, for example [11]. 


@ The average investment in capital equip- 
ment per office worker (in the USA) is 
about $2,000, as compared to $25,000 per 
manufacturing employee. 


@ Office workers now account for 22% of the 
US Labour force. 


@ Office costs are now 40% to 50% of a com- 
pany’s total costs. 


@ Industrial productivity has soared nearly 
90% in the last decade; productivity in the 
office has gone up only 4% in the same 
period. 


Other measurements are emerging for various 
categories of office workers. 


@ 40% of a typical manager’s time is spent 
on mail processing, telephone calls and 
business travel. [10] 


@ Managers favour the verbal media, spend- 
ing 66-80% of their time in oral communi- 
cation. [9] 


@ A secretary types at the rate of 2.5 words 
per minute due to interruptions, correc- 
tions, retyping... If she is supervised, 
measured and given incentives, then her 
productivity goes up to 25 wpm. [3, p.8] 


@ The amount of paper per day, moving 
onto the desk. of the average clerical 
employee (US), consists of 32 pages of 
computer printout, 11 photocopies, 4 
pages of catalogs, 5 pieces of mail and | 
piece of paper from the filing cabinet. 
Leaving the same desk are 8 pages put 
into the filing system, 5 pages of mail and 


14 pages to someone else because they 
were never intended for this desk in the 
first place. [2, p.21] 


A number of observations arise from the 
above. I like the view of the consultant who 
noted that the office today is a sea of paper and 
the tide is rising [2, p.21]. 

Statistics like these are helpful in the aggre- 
gate. Certainly, from the perspective of the 
manufacturer of office of the future products, 
they suggest opportunities for creating a mar- 
keting strategy. They also raise the conscious- 
ness, if not the eyebrows, of management 
charged with the responsibility for efficient op- 
erations. They do very little however for a par- 
ticular office situation. At least, it is not yet 
clear that one can move from the general to the 
specific with safety. 

The measurement issue is critical. Much 
remains to be done in terms of definition, iden- 
tification of what to measure as well as how to 
measure. Indications to date are that the pro- 
posed office of the future may be a costly ven- 
ture. Management will be looking for justifica- 
tion for their investment. One can anticipate 
that the cost of improving efficiency will suc- 
cumb to measurable offsetting benefits. Will it 
be easy to apply a cost-benefit analysis to the 
problem of effectiveness? This will prove diffi- 
cult for the categories of clerical staff and 
knowledge workers alike. 

The need for cost justification will create a 
degree of emphasis on controlling office costs. 
This by itself will be beneficial but is unlikely 
to create sufficient incentive to cause the 
majority of organizations to invest in an office 
of the future. Some proponents argue that the 
real payoff in office automation lies in improv- 
ing support for the information dissemination 
and decision-making activities of management. 
Interestingly enough, that is exactly what many 
of us thought about the computer. Two 
decades later, after first burying ourselves and 
management in paper and after having become 
more and more efficient at producing the 
paper, it looks like we may be learning how to 
use the computer to support management. We 
are still struggling, however, with the difficulty 
of placing a value on information. 

In thinking about office of the future, can we 
draw useful analogies with the manufacturing 
process? Are there mistakes to be avoided by 
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consideration of the evolution of the computer? 
These are questions which deserve attention. 
The OR profession is well placed to consider 
the first. It is not clear that the same is true for 
the second. I will come back to this point later. 

While the field is just beginning, there is a 
widespread consensus on a few points of 
approach. First, it is generally agreed that 
office automation will not be achieved in a 
single step—it must be done in an evolutionary 
manner. Second, considerations of people and 
organizational impact are critical. Third, the 
early users will have to take an experimental, 
‘test-bed’ approach and then carefully expand 
having learned from the mistakes. This latter 
point implies that only the largest organiza- 
tions and, of course, the research centres will 
likely be able to afford to try. Currently, this is 
the case. Corporations such as EXXON and 
Citibank and research groups such as the 
Information Sciences Institute at the Univer- 
sity of Southern California, NASA, SRI, Die- 
bold, University of Pennsylvania and Com- 
munications Studies Group, University College 
(London) are all very active in the field. To this 
list must be added the manufacturers of the 
future products and, as you might exect, some 
familiar names arise eg. Northern Telecom, 
IBM, Xerox, DEC. The telecommunications 
industry is also vitally interested and have said 
so; AT & T and Bell Canada for example. 

The activity is dramatic. It is clear that fit- 
ting the pieces together to create the office of 
the future is a major challenge. 


SEARCHING FOR THE SOLUTIONS 
IN CONTEXT 


While office of the future has its own 
technological, organizational and economic 
complexities, it is nevertheless only part of a 
much bigger system. The office is part of an 
organization which is part of a firm. In an 
earlier reference, it was suggested that office of 
the future is aimed at providing management 
with technological assistance in its interaction 
with a company’s information network. ‘Man- 
agement’ and ‘information processing’—two 
terms with which we are all familiar; two areas 
of activity which themselves are fraught with 
complexity. 

The environment in which management 
must manage is changing. Management is 


experiencing discontinuities and a_ rapidly 
changing rate of change. Factors such as infla- 
tion, energy, environmental protection, con- 
sumerism, disclosure rules and government 
regulation are combining to create new 
demands for information on a new time scale. 
Several trends are occurring which enable, 
and most likely will dictate, new approaches to 
the production of information, for example, 


@ Word processing and data processing are 
converging. 


@ Computers and communications are con- 
verging. 


@ The ability to transmit data, voice, image 
and text in the same medium is upon us. 


These trends are causing, and will continue to 
cause, significant impact on the development 
and use of computer-based information sys- 
tems. Together they compound the complexi- 
ties of choice facing managers, staff specialists, 
users and designers. This is true for the evolu- 
tion of conventional information systems as we 
know them today. It is even more so the case 
when one adds office of the future to the equa- 
tion. 

Is there a theme or a focal point that might 
help reduce the complexity? In time, no doubt, 
one will arrive. 

Meanwhile, I would like to suggest a frame- 
work of ideas which I believe can be used to 
help place office of the future into context. 

The first is information management—the ac- 
tivity of getting the right information to the 
right people in the right place at the right time 
in a cost-effective manner. 

The second is decision-support systems— 
computer-based systems designed specifically 
to support decision-making rather than to 
increase the efficiency of transaction processing 
or record keeping [1]. 

The third is firm of the future—an environ- 
ment of experience-based managers supported 
by research-based staff speciatists. 

With the exception of the latter, I expect 
these concepts are not new to you. The ‘firm of 
the future’ is a phrase coined by Gruber and 
Niles in their book, The New Management [7]. 
They suggest, given the discontinuities being 
experienced by management, that the most 
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appropriate business response to today’s en- 
vironment is the development of organizational 
arrangements to utilize research-based staffs. 
The basis of their argument lies in the assertion 
that the abrupt changes from what has hap- 
pened in the past have made obsolete the intui- 
tive style of management that was very effective 
in the early 50’s and 60’s. 

The Future Firm, they argue, will be clearly 
distinguished from a Present Firm by its power 
to produce improvements in the efficiency of 
management in an organized way resembling 
the process with which new products are devel- 
oped in well-managed R & D programs. 


HOW CAN OR CONTRIBUTE? 


The OR profession can contribute to the 
intelligent evolution of the office of the future 
in several ways. For the sake of contrast, I 
suggest two categories of activity—a ‘conven- 
tional’ approach and an ‘innovative’ approach 
—both are obviously relative and, in reality, fit 
on a continuum of activities. 

The conventional approach requires that we 
draw on our collective knowledge of problem 
definition and analysis in other fields and 
search for the analogies. For example, the sim- 
plistic model referenced earlier which divides 
the world into factory workers and knowledge 
workers suggests that we might search for ana- 
logies in the manufacturing environment. In 
any event, we should be able to undertake the 
following with a reasonable probability of suc- 
cess: 

@ Design of experiments and_ statistical 
analysis 


@ Application of tools and techniques 
@ Creation of models 


@ Invention and testing of productivity 
measures 


@ Analysis of 
ations. 


implementation _consider- 


The innovative approach is less susceptible 
to the application of past experience and con- 
siderably more conceptual in nature. There are 
four activities which I recommend as key: 


@ Better definition of the functional needs to 
be served by office of the future. 


@ Assessment of the role and the impact of 
office of the future in the context of the 
Future Firm predictions of Gruber and 
Niles. 


@ Assessment of the information manage- 
ment contribution of office of the future in 
general and the interaction with decision- 
support systems in particular. 


@ Improved perceptions of the value of 
information. 


The innovative approach is appealing. First, 
the results of such effort would likely be applic- 
able to improved utilization of the computer 
(and this is still a major requirement) as well 
as to an improved context for office of the 
future. Second, the Future Firm scenario of 
experience-based line managers supported by 
research-based staff specialists contains more 
than a glimmer of optimism for the oper- 
ational research professional. The research- 
based staff specialists are defined in two cate- 
gories; ‘traditional’ which include law and 
accounting and ‘new’ which includes manage- 
ment science, data processing, strategic plan- 
ning and organization development. Third, 
while much has been written and achieved in 
relation to decision-support systems, cost justi- 
fication remains a significant barrier to pro- 
gress in the practical business environment. If 
easily used techniques for quantifying the value 
of information can be derived, this barrier will 
either be removed or the efforts abandoned on 
a rational basis. Fourth, focusing on informa- 
tion management may provide the balance 
necessary to combine, successfully, decision- 
making support with administrative efficiency 
despite the overwhelming tide of technology. 


CONCLUSION 


I believe the Office of the Future will become 
a reality. Whether this will be due to the eco- 
nomic pull of the marketplace or the entrepre- 
neurial push of those who build the products 
or the more likely combination of both, (as has 
been the case in the evolution of the computer) 
remains to be seen. 
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My expectations with regard to the response 
of the OR profession to this new activity are 
cautious. In the conventional approach out- 
lined above, we will need to be alert to the 
failings of the past. The opportunities to invite 
past criticisms of too much theory and not 
enough practice are ever present. Urban’s [13] 
survey in 1974 pointed out that, of 150 articles 
published in Management Science: Appli- 
cations between January, 1971 and June, 1973, 
only 3% represented more than one use of a 
model or procedure in an organization and 
only 15% were models or procedures that were 
applied even once. For those who believe the 
climate of criticism has changed, I suggest con- 
templation of Theodore Levitt’s article, ‘A Her- 
etical View of Management Science’, which 
appeared in the December, 1978 issue of For- 
tune magazine. 

The ‘innovative’ approach may fall on deaf 
ears. I will assert for the sake of debate that 
OR literature is lacking in substantive contri- 
butions to enabling technology and methodo- 
logy in the area of utilization of computers in 
general and decision-support systems in par- 
ticular. Since the computer, in concert with 
telecommunications, will be a major compo- 
nent in office of the future, this stance, if conti- 
nued, could have a debilitating effect on the 
OR profession. 

In the context of office of the future, it may 
be that ‘computer’ people are better positioned 
today to correct the failings of their profession 
than are the OR people. This derives largely 
from the fact that there is a growing emphasis 
by the former group on the subject of informa- 
tion management. Hence, they appear to be 
acknowledging the need for a new focus and 
they start with a formidable base of relevant 
technical knowledge. 

There are other major areas to be considered 
in getting to the office of the future; organiza- 
tional, behavioural, regulatory, educational, 


privacy and security to name a few. They are 
equally significant and failure to discuss them 
here is simply a reflection of arbitrary selection 
on my part. 

A final cautionary note expressed by Burns [2, 
p.34]: 


“...The associated risk is that these systems (office of 
the future) tamper with the most sophisticated process I 
know of—the office. Although we take it for granted, it is 
the product of 200 years of development and refinement. 
and changing it will require our best systems planning 
skills.” 
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The paper reports an input-output analysis of energy flows in the Federal Republic of Germany 
(FRG) economy which includes a capital flows matrix. Results include a quantification of the 
interdependence of energy with other manufacturing resources, and an estimate of energy and 
energy-related costs of commodities. An approximate method of estimating the effects of changes in 
technical coefficients and primary input costs is assessed. 


INTRODUCTION 


ENERGY, like most raw materials, in the main 
is necessary only because it is an essential input 
to the manufacturer and provision of all goods 
and services demanded by final consumers. The 
consequences of this are twofold. Firstly, 
energy analysis cannot be done in isolation: 
the complete spectrum of goods and services 
demanded by consumers must be included in 
energy analysis. Secondly, the entire technolo- 
gical/economic system which converts raw 
materials, including energy, into final goods 
and services is also an integral part of energy 
analysis. 

In a modern manufacturing economy, this 
system is highly complex and circular. Input- 
output analysis has long been used by econ- 
omists to analyse quantitatively this interde- 
pendent system of manufacturing processes 
and to link it with direct requirements of goods 
and services by final consumers, (readers unfa- 
miliar with input-output methods are referred 
to [16, 24, 25]). Such analyses have generally 
been conducted in terms of current account 
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monetary relationships. Recently input-output 
analysis has increasingly been used to analyse 
not the economic, but the energy interdepen- 
dence between firms, industries and manufac- 
turing processes which convert raw materials 
into final goods and services [3-6, 13, 
18-20, 26, 27]. This development is welcomed 
as a contribution towards a more meaningful 
technical understanding of the economy. How- 
ever, these analyses have largely been restricted 
to analysing the interdependence of sectors of 
the economy on current account. 

This paper reports an attempt to include 
energy flows on capital account in the analysis 
and to estimate the potential effects of techno- 
logical changes. The analysis is conducted in 
the framework of the Federal Republic of Ger- 
many’s economy. Specifically, energy is related 
to user industries and to final goods and ser- 
vices downstream in the manufacturing 
sequences, and also upstream to resources 
required in the extraction, conversion and dis- 
tribution of energy. 


METHODOLOGY 
Sector definition and data 
In this work the FRG’s economy is divided 
into four groups of sectors—Energy (compris- 
ing 8 sectors), Industrial (16), Final (3) and Pri- 
mary Inputs (9). These sectors and sources are 
tabulated in the Appendix. They reflect the 
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major energy categories, raw materials extrac- 
tion, beneficiation and conversion to capital 
and consumer goods, as well as food and ser- 
vices. The sectors were selected for their role in 
energy production and use, their role in manu- 
facturing capital equipment, their interdepen- 
dence with service industries, and on the basis 
of data availability. 

The sectors are related by flow matrices 
illustrated and defined in Fig. 1. The first row 
of matrices represents the destination of the 
output of energy and are measured in thousand 
tonnes of coal equivalent units (th. TCE). EEc 
represents the flow of energy from one energy 
sector to another on current account, i.e. the 
energy conversion matrix. Elc represents the 
energy used to make non-energy goods and 
services final buyers require. EEk and Elk are 
zero matrices, since energy is not capital equip- 
ment. The second row of matrices are the desti- 
nation of output from the economic sectors 
and are measured in millions of Deutsche 
Marks (m. DM). They represent non-energy 
inputs into energy manufacturing and into 
manufacturing other products on capital and 
current account, and purchases by final buyers. 
Similarly, the last row represents Primary 
Inputs and is measured partly in physical 
energy units, in monetary units and also in 
labour units (1000 man-yr). 

Table | illustrates one such matrix—the EEc 
conversion matrix—and also the first row of 
PEc (energy imports), and total energy deli- 
veries. The first row illustrates that some 


147,740 th. tonnes of coal was used in the FRG 
in 1970. Only some 12% of this was directly 
purchased by Final sectors (largely exrort). 
Industrial sectors used 8% directly in manufac- 
turing their goods and services. Fully 80% was 
used within the Energy sectors, reflecting that 
coal is a primary energy form which is largely 
converted into more useful forms such as elec- 
tricity and coke. With a more refined energy 
form such as transportation oil only 1% of sup- 
plies were used by Energy sectors, 47% by 
Industrial sectors and 52% by Final sectors. 

Similarly, the columns reveal primary 
sources of energy. 74,070 th. tCE units of pri- 
mary energy was used to generate electricity in 
the FRG in 1970—75% was coal, 10% gas, 14% 
oil and 1% other. The diagonal element 
(5,395 th. tCE) represents electricity losses 
through transmission etc., and is 16% of total 
output. 

As well as recording energy conversion and 
losses, the table records transfers of energy pro- 
duced in one sector and distributed by another. 
This is necessary because of joint production. 
In this work petroleum was separated by user 
into transport oil and heating oil. However, 
these are joint products of one refinery: hence 
inputs to the joint process cannot be separated 
into inputs to one product and inputs to the 
other. Here the heating petroleum sector is 
considered to be the entire petroleum industry 
which imports crude and manufactures both 
heating and transportation petroleum. The lat- 
ter is then transferred to the transport petro- 
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Fic. 1. Schematic arrangement of data matrices. 
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leum sector. Thus, Table | records only a 
domestic input of 48,680 th. tCE by the trans- 
port oil sector. 

Flow IEc, Flow IEk, and Flow PEk also 
record no inputs into this sector. Flow PEc 
records only imports of petroleum refined else- 
where. The other transfer in the system is 
12,162 th. tCE from the coke sector to the 
manufactured gas sector referring to coke gas. 

Account must be taken of such transfers in 
making assessments of these sectors such as 
above, and also in estimating the effects of 
changes in demand as analysed below. 


Formulations 


Two formulations are employed. Firstly, the 
usual static input-output formulation in which 
there is no circularity via capital investment, 
since all capital account purchases are included 
as final purchases, and secondly a formulation 
in which replacement of capital used up in cur- 
rent production is included in the feedback 
loops but capital investment to increase capa- 
city is not. 


Define 


Ee : i | 
Flow A = . 


IEc: IIc 


EEk : Elk 
IEk : Ik 


Flow Pc = [PEc:PlIc] 


Flow B = | 


Flow Pk = [PEk:PIk] 


-( 


In the first formulation form technical coefficient 
matrices 
A = (Flow A)(t)~! 
Pc = (Flow Pc) (t)*! 


where ¢ is a matrix with elements of t on the 
leading diagonal and 0 elsewhere. All capital 
account purchases are summed into Final 
section f by 


f= 


EF 
-++ | ig + (Flow B)i 
Fa i, + (Flow B)i,, 


where i, and i,4 are conformable column 
vectors with all elements unity. 
The usual static input-output identity is 


total output of producing sectors 


= total demanded + demand by 
by producing Final 
sectors Sectors 

+ demand by 
Final 
Sectors 


= H (sector output) 


where H is a function. Assuming H to be 
linear, this is written 


t=At+f 
Hence 

t=(I-A)'f 
which may be used to estimate total output of 
energy and other goods and services, t, from a 
given technology matrix A and final demand f. 


The corresponding equation to determine total 
primary input requirement u is 


u = Pe(l — A) 'f 

In this formulation matrices A and Pc are di- 
rect requirements per unit output of each sec- 
tor, and (J — A)~' and Pc (J — A)~' are direct 
plus indirect requirements from other sectors 
and primary inputs, respectively, per unit final 
demand. 7 

In the second formulation the same A and 
Pc and also matrices of capital depreciation 
coefficients are included. The construction of 


TABLE 1. DELIVERIES OF ENERGY IN THE FRG; 1970, THOUSAND TONNES COAL EQUIVALENT 





Man. 
gas 


Nat. 
gas 


Coke - 
oil 


To 
i Coal 


Heat. Transp. Elec- 


Total to 


oil tricity Energy Industrial Final 





Coal 2713 
Coke 

Man. gas 

Nat. gas 

Heat. oil 

Transp. oil 

Electricity 

Misc. 

Imports 

Total Input 


54457 
137 
4278 
2203 
592 
159 
73 


3489 
21158 
2190 
972 
56 
306 


4900 175906 
5229 187114 


575 
62474 


48680 


55278 
2938 
4602 

10320 


2971 119013 
21377 
9518 
12707 
67678 
485 
7218 
1788 


11669 
18589 
11282 
10311 
58657 
22954 
18507 

2569 


17058 
16678 
2546 
2735 
42711 
25241 
8194 
2560 


12327 
61007 
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the last is very dependent on limited data avail- 
abilities. Data is available [7,9,10] for each 
sector of the FRG on total depreciation of con- 
structed assets D, and equipment, D). In 
addition, a matrix of intersector purchases on 
capital account is available [8]. Assuming that 
depreciation for a sector has a sector distribu- 
tion as total capital purchases, a depreciation 
matrix can be constructed. Assuming further 
that all depreciation is proportional to output 
gives capital depreciation coefficient matrices B 
and Pk with elements, for all j 


Bi; = for i= 14 





> Flow B,,; + Flow Pk, ; 
r#i4 
be for i # 14 


¥ DY) 


tj 


Flow Pk; ; 





y Flow B, ; + Flow Pk, ; 


r#14 


Lo 


for i= 2 


for i #2 





With depreciation now removed from Final 
ft= kak + (Flow B — Bi)ir, 


i 


and the corresponding production identity is 


total output of producing sectors 


= total current demand by producing sectors 
+ demand to replace capital used in 
producing sectors 
+ demand by Final sectors 


= H, (sector output) 
+ H, (sector output) 
+ demand by Final sectors 


where H, and H, are functions. Again assuming 
these to be linear this may be written 


t = At + Bt + f* 
Hence 
t=(I— A—B)"'f* 


and the corresponding primary input equation 
is 


u = (Pc + Pk)(I — A — B)-'f* 


In this formulation f* does not include capital 
equipment purchases to replace depreciated 
stock but does include capital purchases to 
increase capacity. Matrices A, Pc and Pk are 
technical coefficient matrices as before, and 
(I-A —B)"' and (Pc + Pk)\(I — A —B)"! 


are the total direct plus indirect requirements 
per unit of final demand from the system, 
inclusive of capital depreciation. 


Limitations 


Before presenting the analyses it is useful to 
emphasise the major and well known limita- 
tions of input-output analyses. 

Firstly, the analyses are conducted at a high 
level of aggregation. Such aggregation is in- 
evitable in economy-wide analyses unless vast 
manpower and computing resources are 
employed. As such, input-output analysis is of 
limited use for detailed technical analyses. It is 
essentially a tool used for broad economy-wide 
analyses where intersector consistency is 
required. 

Secondly, the technical coefficients used are 
average rather than marginal coefficients as is 
seen from the above derivation. In sectors 
where technical coefficients change very rapidly 
with the level of output it is possible that mar- 
ginal coefficients differ from average coeffi- 
cients, and hence input-output analysis would 
be a poor tool to analyse marginal changes. 
The analysis below is a broad average analysis; 


‘the results must be used with care in marginal 


analysis. 

Thirdly, the sectors employed are industrial 
sectors which often produce a diverse range of 
commodities as secondary and by-proa. «'s, as 
well as their major products. The coefficients 
employed here apply to the entire spectrum of 
commodities manufactured by such industries. 
As such the relevance of the coefficients to 
detailed technical analyses is further limited. 
Also, if there are significant changes in the by- 
products and secondary product output of the 
sectors then the analysis may be of limited use. 
There are alternative input-output formula- 
tions which employ commodity by industry, 
make and absorption matrices which to 
some extent overcome these difficulties at the 
expense of making further assumptions about 
sales, market shares and supply and produc- 
tion preference by industries [2;3, ch. 3]. 
Results reported below refer only to and can be 
interpreted only in the context of industrial 
sectors with a constant mix of commodity out- 
puts. 

The final major limitation applies to the for- 
mation of the capital depreciation matrix. 
What we would like to measure is the structure 
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of capital used up in the manufacture of com- 
modities. Unfortunately data on the structure 
of capital used up is not available in even the 
most advanced national accounts. For con- 
venience this work has assumed that capital 
depreciation reflects capital used up in the pro- 
duction process and that its structure is identi- 
cal to the structure of capital formation. 
Clearly these assumptions may be of limited 
validity because of different service lives of 
capital equipment and also because changes in 
technology may alter the structure of capital 
formation. Regrettably such factors cannot be 
included in input-output work without a con- 
siderable escalation of data gathering 


resources. Again, the results reported below 
need to be interpreted with this limitation in 
mind. 


ANALYSES 


The formulations allow three types of analyses. 


Interdependence analysis 


The first is simply an exploration of the sys- 
tem to illustrate the interdependence between 
sectors on current and on capital account to 
understand the system. : 

Table 2 records, for example, selected ele- 
ments of A, (J — A)~', (1 — A —B)"', and 


TABLE 2. SELECTED DIRECT, DIRECT + INDIRECT CURRENT ACCOUNT, AND DIRECT + INDIRECT CURRENT + INDIRECT CAPITAL 
ACCOUNT INPUT COEFFICIENTS FOR THE FRG; 1970 





To Coal Oil 
th. tCE 


From th. tCE 


Steel 
m. DM 


Motor cars 
m. DM 


Electricity 
th. tCE 





Coal (th. tCE) 
direct 
+indirect current 
+ indirect capital 
Oil (th. tCE) 
direct 
+indirect current 
+ indirect capital 
Electricity (th. tCE) 
direct 
+ indirect current 
+ indirect capital 


Construction (m. DM) 
direct 

+ indirect current 

+ indirect capital 


Mach. Build. (m. DM) 
direct 

+indirect current 

+ indirect capital 

Energy Imports (th. tCE) 
direct 

+ indirect current 

+ indirect capital 

Total Imports (m. DM)* 
direct 

+ indirect current 

+ indirect capital 


Labour (th. man-years) 
direct 

+ indirect current 

+ indirect capital 

Capital Stock (m. DM) 
direct 

+ indirect current 

+ indirect capital 


0.0184 
1.0391 
1.0407 


0.0006 
0.0064 
0.0077 


0.0076 
0.0100 
0.0103 


0.0019 
0.0022 
0.0056 


0.0014 
0.0017 
0.0059 


0.0831 
0.0957 
0.0974 


0.0055 
0.0088 
0.0118 


0.0019 
0.0025 
0.0028 


0.0954 
0.1706 
0.1995 


1.6297 
2.1932 
2.2100 


0.0124 
0.7340 
0.7467 


0.0027 
0.1547 
0.1644 


0.3043 
0.4375 
0.4515 


0.1222 
0.2231 
0.2336 


0.0231 
0.0963 
0.1044 


0.1591 
1.2194 
1.2234 


0.0560 
0.0855 
0.0885 


0.0134 
0.0391 
0.0414 


0.0015 
0.0106 
0.0449 


0.0013 
0.0084 
0.0320 


0.0002 
0.0062 
0.0274 


0.0017 
0.0086 
0.0386 


0.0020 
0.0071 
0.0328 


0.0187 
0.0244 
0.0484 


0.1316 
0.1422 


0.2057 
0.9317 
0.9500 


0.3527 
0.3664 
0.0259 


0.1127 
0.1449 


0.3495 
0.4131 
0.4370 


0.1214 
0.2286 
0.2477 


0.0045 
0.0180 
0.0221 


0.0098 
0.0216 
0.0245 


0.0127 
0.0262 
0.0285 


1.0230 
1.5557 
1.6601 


0.6790 
1.3944 
1.5335 


0.5135 
1.5273 
1.6722 





*Includes capital imports. 
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their counterparts in primary outputs, to illus- 
trate Energy sector interdependence within 
themselves, with upstream energy users, and 
with downstream factors of energy production. 

The table shows for example that each th. 
tCE of electricity the system delivered to final 
buyers required 1.6279 th. tCE of coal directly 
for electricity generation, plus 0.5635 th. tCE 
indirectly to generate electricity required to 
manufacture all other current inputs into elec- 
tricity generation, plus 0.0168 th. tCE indirectly 
to manufacture the capital equipment used up 
in electricity works and in other industries. 
Thus the system required a total of 2.21 thou- 
sand tonnes of coal to generate 1 thousand 
tonnes coal equivalent units of electricity. 

In addition, to deliver 1 th. tCE of electricity 
the system required 0.4515th. tCE of petro- 
leum, 0.0449 m. DM of machinery, 0.95 th. tCE 
of imported energy (mainly coal and crude oil), 
0.1449 m. DM of total imports (including the 
cost of energy imports), 0.0221 th. man-years of 
labour, the use of 1.6601m. DM of capital 
stock for one year, as well as a whole range of 
other factors. The diagonal element reveals 
that to deliver 1 th. tCE of electricity the system 
is required to generate 1.2234 th. tCE. The excess 
represents electricity used to manufacture all 
the other inputs the system needed to generate 
electricity, as well as transmission losses. 

In each case, indirect requirements of an 
input to deliver one unit from the system as a 
whole was significant. Motor vehicle manufac- 
turers, for example, directly purchased little 
coal—60 times more coal was used indirectly 
than directly. This coal was used to make coke 
to manufacture the steel for motor vehicles, to 
generate the electricity used in this steelmaking 
and in the motor component and assembly 
plant, and so forth. Furthermore, in most cases 
the indirect was largely on current account. 
For coal inputs to motor vehicle production 
94% of the indirect was on current account. 
The exceptions, as may be expected, were the 
inputs from capital goods manufacturing sec- 
tors, as illustrated for construction and 
machine building sectors in Table 2. 

Multiplying these coefficients by correspond- 
ing elements of f, or combinations of elements, 
gives total sector output to produce that Final. 
Similar multiplication by total sector output 
and division by diagonal elements [3,ch. 2] 
gives sector interdependence in absolute terms. 


That is 


(I — A — B)' (()"! 
and 


(Pc + Pk)(I — A — B)~'(H6)"! 
where 6 are 
(I-—A-—B)"'. 

Hence, to produce for example 47,712 m. 
DM of gross motor vehicle output the FRG 
directly and indirectly required 7768 th. tCE of 
coal, 4931 th. tCE of petroleum, and so forth. 
The significance of motor vehicle sector inter- 
dependence with other sectors is illustrated in 
that motor vehicle production absorbs 5.3% of 
total coal, 6.2% of petroleum, 5.8% of electri- 
city, 8.1% of the imports bill, 5.1% of total 
manpower, the use of 4.0% of total capital 
stock for one year, as well as a range of other 
resources. 


diagonal elements of 


Changes in final demand 


Secondly, changes in the pattern of final out- 
put of the system, such as changes in favour of 
public transport instead of private, or changes 
in the pattern of export demand are readily 
quantified by straight forward multiplication of 
changes in f by appropriate coefficients. Such 
analyses are perhaps the most common usages 
of input-output tables and are amply illus- 
trated in the literature [24]. 


Changes in technology 


Effects of changes in technology can be esti- 
mated by altering technical coefficient matrices 
A, B, Pc and Pk. It is well recognized in input- 
output analyses that substitution and producti- 
vity changes occur, and appropriate changes in 
technical coefficients are incorporated in 
models. 

Usually, estimates of the effects of technical 
changes are made by inverting the new coeffi- 
cient matrices and comparison with old output, 
which is equivalent to calculating 


At = (1 —(A+ AA))"' -1 - A) 'Sf 
Au = Pc At 
If the coefficient changes are isolated in a block 
then inversion by partitioning will reduce the 
computations involved [12, p. 35]. However, it 
may be feasible, and indeed desirable, to use 
the alternative method shown below. To avoid 
undue complexity the method is applied to the 
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first formulation which excludes capital 
account technical coefficients. It has been 
demonstrated that the inclusion of capital 
account coefficients adds less than 10% to the 
analysis. 

Changes in one input: Consider a technical 
change which alters the direct input coefficient 
from one sector p in a number of sectors m, 
and define 


d; ; elements of A 

6, elements of (I — A)~! 

€m an increase in d, ,, subject to €,, > —d 
7i,j elements of Pc (I — A)~! 


p.m 


It can be shown [3, ch. 8] that for i= 1,...,n 
At; = 
1 — ¥ €ndm,p 


and for i = 1, ..., s, where s is the number of 
Primary Input sectors, 


> Gale 


1 — Yenbm.p 


Au; = Yip = At,: 


These relationships provide estimates of the 
changed total system requirements of output 
from each sector and primary input. Hence, the 
effects of such a technical change can be esti- 
‘mated simply and directly from the elements of 
the original inverse matrix and corresponding 
primary inputs matrix. Indeed, once At, is 
known then all other effects are estimated by 
simple ratios of elements from the pth column 
of the inverse matrices. 

Clearly these functions are not linear and the 
method of estimating the effects of changed use 
of one sector’s products by Energy or Indus- 
trial sectors is different from the method of 
estimating the effects of corresponding changed 
use in Final sectors. This is expected because of 
the circularity which characterizes production 
in a modern manufacturing economy. 

To assess the significance of this circularity, 
consider the linear approximations 


At; = Y €mtmSi.p 


Au; =A Y EmtmYicp 
m 


These approximations are in error by 
— 100 ¥ €,.5n,1 %- 


The. magnitude of this error is small as can be 
seen from an example in which uniform pro- 
ductivity changes of one direct input take place 
in a number of sectors. That is €,, = —kd,m 
where 100k is the percentage increase in input 
productivity. The error thus becomes 


100 ¥ dy mFm,ik% 


Some selected inputs into manufacturing 
industries 14 to 20 of the FRG input-output 
table yieid the following: 


Input 
Coal 
Petroleum 
Electricity 
Steel 


Error % 

4.1 x 107k 
3.4 x 1077k 
1.1 x 107'k 
5.5 x 107'k 


Clearly, in these cases the approximations are 
good for feasible k, and hence the method of 
estimating the effects of changes in require- 
ments for intermediate sectors corresponds 
closely to the method of estimating changes in 
requirements for final sectors. The estimators 


At = ({1 — (A + AA)]}“' — [1 — A)" 
Au = Pc At 
can be approximated by 


At = [I — A]"' AA(i) 
Au = Pc At 

Taking k = | the use of resources via specific 
inputs by engineering and construction indus- 
tries can be estimated. These are illustrated in 
Table 3 for some selected sectors. For example, 
some 16.3% of all FRG electricity supplies are 
used by engineering and construction indus- 
tries. Generation of this electricity absorbed 
6.7% of FRG coal supplies, 1.0% of coke out- 
put, 2.6% of gas, and so forth. A reduction in 
electricity used by these sectors would result in 
a proportionate reduction in the use of all 
these resources. 

Table 3 also records total FRG resources 
used via energy on current account by engi- 
neering and construction industries: 9.7% of all 
coal, 4.3% of all coke output, etc., was used 
directly or indirectly to provide the energy for 
engineering and construction industries. The 
inclusion of purchases on capital account 
would increase these percentages by less than 
one tenth. 
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= 


TABLE 3. PERCENT OF TOTAL FRG SUPPLIES OF INPUTS USED ON CURRENT ACCOUNT TO MANUFACTURE GROSS OUTPUT OF 
ENERGY AND MATERIALS; 1970 euN 





For 
Input 


Heat. 


oil oil 


Transp. 


Elec- 
tricity 


Total 
energy 


Total 
materials 





Energy 
Coal 
Coke 
Min. Gas 
Nat. gas 
Heating oil 
Transp. oil 
Electricity 
Miscellaneous 


0.1 
0.1 
1.3 
7.7 
0.1 
0.2 
0.1 


Materials 
Mining nes. 
Steel 
Non-ferrous 

metal 
Plastic & 
rubber 


Primary inputs 
Energy imports 
Total imports 
Labour 
Capital stock 


6.7 
1.0 
2.6 
3.4 
1.2 
0.2 
16.3 
2.7 


9.7 
43 
7.2 
10.5 
10.0 
3.9 
16.7 
8.4 


19.8 
32.7 
36.1 
23.9 
9.1 
4.2 
14.1 
5.6 


0.1 
0.2 


0.2 
0.2 


63.4 
65.8 
0.2 


0.3 10.6 


0.2 0.3 55.7 


2.0 
0.4 
0.3 
0.6 


9.9 
1.2 
0.4 
0.7 


10.0 
14.5 
5.6 
5.9 





The table further records resources used by 
FRG engineering and construction sectors by 
way of steel and total materials, which serve to 
highlight the interdependence of the system. 
Far more energy is used to make materials for 
engineering and construction industries than is 
used by these industries directly. (Much of this 
will be by way of coke as a chemical in steel- 
making.) One consequence of this is that 
attempts at direct energy conservation by these 
industries may lead to increased national 
energy use if materials productivity deterior- 
ated. Or conversely, energy conservation for 
the system as a whole may be best served by 
these industries if they increase materials utili- 
zation rather than energy—and this also leads 
to more desirable effects on the imports bill, 
manpower and capital utilization, and so forth. 

Changes in several inputs: The effects of 
changes in technology affecting more than one 
row of direct input coefficients can be esti- 
mated by extending the above relationships. 
The formulae become complex [3, p. 140] 
unless the linear approximation is used. This 
approximation was seen to be good for a tech- 
nical change affecting one row only and it tran- 
spires that in the present context it is yood for 
changes affecting several rows: the sum of the 
effects of a number of individual changes is 


equal to the effects of one change comprising 
all such individual changes. 

Consequently, the effects of joint changes 
which occur for example when plastic is substi- 
tuted for metal in engineering manufacturing, 
which necessitates changes in energy, capital, 
manpower and other requirements because the 
materials have very different machining charac- 
teristics, can be estimated from the original 
inverse by 


At; = YY Mi m€mtmdi,t for i=1,...,n 
[om 


Au; = » Y TT m€mt mit 


for i=1,...,s 


where €,, is the increase in d,,, and IT,,, is a 
proportion signifying the increase of input / per 
unit increase of input p in sector m, i. 
Ad) m = 1), m,€ms p,m = 1. 

Such linear relationships not only reduce the 
computational effort, but also enable alterna- 
tive meaningful and challenging questions on 
the technology of the system to be posed. By 
taking €,, and /7,,,, endogenous, and At; and Au; 
exogenous, technology becomes the variable 
within fixed total output and primary input 
constraints. 

As an example, consider the effects of a uni- 
form substitution of steel by plastic and rubber 
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in engineering and construction design on coal 
output, the imports bill, and labour require- 
ments. Assume that electricity usage is uni- 
formly related to the degree of materials substi- 
tution. 

Let subscript s donate steel, p plastic and 
rubber, and e¢ electricity. Since the substitution 
is uniform k, I7,,, and IT, , are constant Over m 
and can be denoted /], and IT, respectively. 
We have /T,=1 and €,, = d,mk; hence the 
above relations are 


At, = Y 4s.mtmk(5i,s ‘al 6i,,/1, + bie!) 


Au; = ba dy mtmK(Vi,s + Vip! + 5;,-/1.) 


Total steel used by engineering and construc- 

tion sectors of the FRG (m= 14 to 20) is 

26,569 m. DM. The equations relevant for coal, 

total imports, and labour thus are, respectively, 
At, = 26,569 k (0.7340 + 0.139817, + 2.1932/7,) 


Au, = 26,569 k (0.4131 + 0.214071, + 0.112711.) 
Aus = 26,569 k (0.0216 + 0.027911, + 0.0180/7,) 


(Some of these coefficients—inputs to steel and 
electricity—are recorded in Table 2.) 

Clearly, by substituting appropriate techni- 
cal values for k, I7,, and IT, the effects on At,, 
Au,, and Aus are given. But conversely, by 
specifying objectives or constraints for At,, Au, 
and Aus feasible -k, 17, and I, may be esti- 
mated by traditional operations research tech- 
niques, and these specify targets for engineering 
. design. For instance, one feasible means of 
reducing coal requirements of the FRG by at 
least 2,900 th. tCE (At, < —2,900), decrease 
imports by at least 400 m. DM (Au, < —400), 
and increase employment by at least 70 thou- 
sand (Au; > 70) would be to attempt to substi- 
tute 15% (k = —0.15) of all steel used by FRG 
engineering and construction industries by 
plastic and rubber costing 50% more than the 
steel reduction (7, = —1.5) and reduce electri- 
city usage in value corresponding to 10% of the 
cost of the steel reduction (J7, = —0.1). 
Whether this is technically feasible or economi- 
cally desirable is another question. 


RESULTS AND CONCLUSIONS 


This paper has analysed energy flows in the 
FRG economy using an input-output frame- 
work. The analysis provided quantitative esti- 
mates of the interdependence of one energy 


form with other energy forms, the interdepen- 
dence of energy with other essential resources 
used in energy extraction and refining, and the 
interdependence of energy with the whole 
range of goods and services produced in a 
modern economy. This interdependence in the 
case of the FRG was seen to be quite substan- 
tial. 

Two input-output formulations were em- 
ployed and compared: one was the usual cur- 
rent-account input-output analysis; the other 
was an analysis including a capital flows 
matrix which attempted to include circularity 
via the capital account in the analysis. It has 
been shown that with the exception of the capi- 
tal goods producing sectors most of the energy 
interdependence is on current rather than capi- 
tal account. The implications of this are two- 
fold: firstly, the large resources which need to 
be devoted to obtain reliable matrices of capi- 
tal used by industries is unlikely to be justified 
by additional accuracy in modelling the econ- 
omy; secondly, the effects of technical and 
demand changes are likely to have a fairly 
rapid effect rather than operate through lags 
lasting over many years. 

Further, it has been shown that estimating 
the effects of technological changes within an 
input-output framework does not necessitate 
re-inverting the new coefficient matrix. It has 
been shown that simple linear relajionships can 
be used to estimate the implications for energy 
(and other factors) of changes in manufacturing 
or changes in final demand. Such analyses can 
analogously be extended to include estimates 
of the interdependence of energy with other 
facets of manufacturing, such as energy—price 
interdependence [3, Chs 8, 9]. The total-system 
nature of the method makes ,it a valuable aid 
for policy formulation. 
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APPENDIX 
A. SECTORS 


Sectors closely follow EEF/ECE presentation NACE- 
CLIO R 44. 


Energy 
El. 
E2, 
E3. 
E4. 
ES. 


E6. 
E7. 


E8. 


Industrial 
Coal Il. Mining nes. 
Coke 12. Steel 
Manufactured Gas_ 13. Non-Ferrous Metals 
Natural Gas 14. Plastic and Rubber 
Heating Oil Chemicals 
(Incl. Crude Oil) Construction 
Transportation Oil Machine Building 
Electricity Motor Cars 
(Incl. Nuclear 
Energy) 
Miscellaneous 
(Incl. 
“Fernheizung”) 


Transport Machinery nes. 

. Electrical Engineering 
Products 

. Metal Products nes. 

. Non-Metal Products 

. Food and Agricultural 
Products 


Primary Input 


Pi. 
P2. 
P3. 
P4. 
PS. 
P6. 
P7. 


P8. 
P9. 


Energy Imports 
Total Imports 
Taxes Less Subsidies 
Labour Costs 
Labour 

Capital Costs 


Rail and Road Transport 
Air and Ship Transport 
Serves nes. 


115. 
116. 


Final 

Fi. Consumption 
Capital Stock: F2. Capital Formation 
Equipment F3. Stocks 

Same: Construction F4. Exports 

Profits 


B. UNITS 


(a) Outputs from E1—8, P1 in thousand tonnes coal equiv- 


alent. 


(b) PS in thousand of man-years. 
(c) Output from Industrial and Primary Inputs n.e.s. in 


millions of Deutsch Marks. 


C. SOURCES — 


(a) Output from E1—8, P1 from [1] 

(b) Output from industrial, P2—4, P6, P9 from [17]. 

(c) PS, P7, P8 and capital depreciation coefficients D‘'’, 
D) from [7, 9, 10]. 

(d) Capital matrices IEk, IIk, PEk, and PIk from [8]. 


ADDRESS FOR CORRESPONDENCE: Peer E Becker, Esq, The 


Shell Company of Australia Ltd, 155 William Street. 
Melbourne, Australia 3001. 
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A relative value of a management information system (MIS) is defined in this paper by a ratio u;/up, 
where up is a value of a utility function of an enterprise whose management information system is 
perfect, and u, is its value when it is not perfect and may produce inaccurate or out-of-date data 
among correct information. Our simulation model contains heuristics which describe the operational 
and strategic information system of an enterprise. The environment of the enterprise may be stable 
or dynamic. A mathematical formula, based on simulations, is developed. This formula describes 
how the relative value of an MIS depends on such factors as the accuracy of an operational 
information system, delays in information flow, the quality of a strategic information system, a 
reinvestment ratio used in the enterprise, and a number of investment periods. This formula has been 
found suitable in an enterprise with a strategically stable environment, but not with a turbulent 


environment. 


INTRODUCTION 


RECENTLY there has been vivid interest con- 
cerning the economics of information [5]. This 
has been studied theoretically (e.g. Marschak 
-[7]), empirically (e.g. Chervany and Dickson 
[2]) and through case studies (e.g. Emery 
[4]). The problem—estimation of the value of 
information—is important and interesting in 
information sciences but it has proved difficult. 

The relative value (v) of an information sys- 
tem is defined in this paper by the equation 
v = u,/Up, where up is the value of some utility 
function of an enterprise whose management 
information system is perfect, and u, is its 
value when its data are sometimes not correct 
due to inaccuracy or delays. The utility func- 
tion is not defined exactly, but it may be 
approximated by a present value of long-term 
profit or value added. The value of a perfect 
information system whose data are always use- 
ful, accurate and up-to-date, is defined to be 
one whereas in nonperfect systems the value is 
less than one. 

In our study we use the common name 
‘management information system’ (MIS) for 


the data inquiring, planning and decision- 
making process of a firm. We do not concern 
ourselves with whether it is computerized or 
not. MIS is subdivided into two subsystems: 
operational and strategic information systems. 
The operational MIS aids managers in produc- 
ing products whose quantity and quality meet 
the demands of the market taking into account 
resource constraints. The strategic MIS is used 
in developing new products, new plants and 
facilities for future operations [1]. 

The ultimate goal of enterprises in our study 
is not expansion but adaptation. One of the 
most important strategic decisions of the 
enterprise is therefore how much it renews or 
modernizes its product mix, plants or facilities 
during some planning period. 

We simulate the operational and strategic 
information systems by heuristic algorithms 
which try to maximize the value of their goal 
functions in stable or dynamic environments. 
Different kinds of environments are described 
by one-dimensional functions. We vary the 
accuracy of these heuristics and the age of the 
information. The aim of this simulation 
research is to find general rules which aid in an 
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understanding of the value and characteristics 
of management information systems. The main 
result is formula (8), which shows how the 
relative value of MIS depends on certain 
factors in a strategically stable environment. 


A SIMULATION MODEL 


Our simulation model consists of a FOR- 
TRAN program which uses Monte Carlo 
techniques. In the following we shall describe 
how the value of a utility function of a firm, its 
environment, operational and strategic infor- 
mation systems are defined in the model. 

The value of a utility function of a simulated 
enterprise is 


yi = uj(x;) (1) 
where 


x; = a variable defining how the resources 
of the firm are allocated or used, 
y; = the value of the utility function during 
period i, 
u{:) = a function which defines the relation- 
ship between allocation decision x; 
and outcome y,, 
and 
i= an ordinal number of an iteration 
cycle corresponding to a period e.g. in 
months. 


The environment is described by function 
(1); the following two periodic functions were 
used in the simulation model: 


Yi = (1 = t))X; sin 22x; + 1;X; cos 2nx; (2) 
y; = (1 — t) sin 22x; + t( X — x;) cos 22x; (3) 


where t; is a parameter depending on the 
period number, i, i.e. 


{t-i + (1 — i} (4) 


t, = 
and where 
O<t<t<1O0<x,<X¥< om, 


when i = 1,2,...,/. 


We find from (2) and (3) that there is only 
one value x¥ which gives the maximum out- 
come y*. The quality of decisions x; is calcu- 
lated by a ratio u,(x;)/u{x*). The environment 
defined by function (2) is more stable than that 
defined by (3). 

Decisions at the operational level concern 
production, or more generally’ the use of 


resources. They are simulated by the following 
model: 


Xi+t = 2:- Axi) +a (5) 


where a is a parameter of inaccuracies belong- 
ing to the operational planning and decision 
process; it is assumed to be a uniformly distri- 
buted random variable (0,a). Parameter d 
describes delays—i.e. how many periods-old 
are the data that the operative management is 
using in its decision process? Function g(-) 
represents some form of production planning 
model based on a quadratic approximation of 
function u,(x;), so in searching for an optimum, 
Newtonian iterations are used, i.e. 


Gi-AXi) = Xj; — Uj;-AX;))/uj_ AX) (6) 


where uw’ and u” are the first and second order 
derivatives. 

In addition to (6) some heuristic rules exist 
which make the algorithm converge to the 
nearest local maximum and never to the mini- 
mum. With perfect information (a = d = 0), 
the heuristic usually finds the nearest local 
maximum accurately enough after five itera- 
tions, which corresponds to the optimal way of 
using resources. If the environment is stable 
(i.e. t= t=), then the usage (x*) no longer 
changes with later iterations or periods. If the 
environment is dynamic (t—>t—> ft), then the 
value of the usage variable (x*) follows move- 
ment of the local optimum. This model thus 
describes the adaptive policy of the - operative 
management. 

In our model the operative management is 
not able to move from one local optimum to 
another, perhaps better, optimum. This change 
is the responsibility of the strategic manage- 
ment. Its duty is to renew the product mix or 
plants of the enterprise, thus increasing the 
probability of reaching the global optimum. 

The strategic management has two decisions 
to make: the action area ‘x < x; < xX of the 
enterprise, and the percentage of the enterprise 


-which will be renewed or rebuilt during the 


next strategic planning period. If the informa- 
tion system of the strategic management is per- 
fect, then an action area (x,x) is chosen which 
enables the operative management to find the 
global optimum easily instead of a local one. 
This happens when there is only one maximum 
of the function u,x;) in the action area 
(x < x; < X). If there are many optimal points, 
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then it is probable that the operative manage- 
ment will find only the local maximum, 
although its own information system might be 
perfect. In our model the operative manage- 
ment begins to iterate from point x,, which is a 
uniformly distributed (x,x) random number. 
The quality of the strategic information system 
(q) is measured by a ratio E(y)/y*, where E(y) is 
the expected optimum value of function u,(x;) 
found by the operative management with per- 
fect information (a= d= 0) and y* is the 
largest value of u,(x;), when x < x; < X. 

Decisions of the strategic management con- 
cerning the renew percentage are realized in 
our model as follows. It is assumed that the 
enterprise is composed of several equal units. 
During each strategic planning period the 
strategic management decides to rebuild only 
one unit. If it has up-to-date information, then 
the unit has the worst value of y. But if it has 
old data then it may be something other than 
the worst unit. The quality of the new unit also 
depends on the quality of the strategic informa- 
tion system (q). If the number of units is m, 
then the ratio of rebuilding r is 1/m and the 
corresponding percentage is 100/m. 

In the simulation the model was run forty 
times for each alternative. The numerical 
results in the following are all averages of forty 
simulation runs. 


RESULTS 


The relative value of an operational information 
system 


Our intuitive opinion is that the effects of an 
operational information system are simpler 
and more straightforward than those of a 
strategic system. If there are pitfalls or faults in 
an operational system, then they diminish the 
value added of the enterprise. If the pitfalls are 
large then monetary losses are also large, and if 
they are small then losses are small, too. This 
should be true in both a stable and a dynamic 
environment, and also if the strategic informa- 
tion system is either good or poor. If we im- 
prove the operational information system then 
the firm’s results will be improved regardless of 
circumstances. 

We studied two types of pitfalls concerning 
the operational information system: those due 
to inaccuracies and those due to delays in data. 
These types of error have similar multiplicative 


effects on the value added of firms. We can 
define our hypothesis as follows: 


(7) 
The value of the MIS (vy ;s) can be calculated 
componentwise, where the multipliers are 


v, = the value of operational information 
system taking into account only the 
inaccuracies in its planning and deci- 
sion process, 
the value of an operational informa- 
tion system taking into account only 
delays in input and output data of the 
operational information system, and 

v, = the value of the strategic information 
system. 


When estimating v, and v, the strategic infor- 
mation system was assumed to be perfect or, in 
other words, v, = 1. When estimating v,, it was 
assumed that v, = 1, and vice versa. 

This kind of hypothesis (7) cannot be verified 
by simulation; it can only be tested. We carried 
out several tests whose results are given in 
Table 1. They do not reject our hypothesis. 

When simulating the value of the strategic 
information system v, in Table 1, the opera- 
tional information system was assumed to be 
perfect. The changes in column (2) are due to 
changes in the environment or the number of 
iterations. The values of v, in column (3) are 
simulated by assuming that there are no 
inaccuracies in the operational information 
system (v, = 1) and the strategic information 
system is perfect (v, = 1). In simulating the 
values of v, in column (4) it is assumed once 
again that v, = 1, but now there are no delays 
in the operational information system (d = 0). 
Column (5) gives the value of the management 
information system according to hypothesis (7), 
and column (6) the simulated value of the man- 
agement information system when the values of 
the parameters are simultaneously the same as 
those used in estimating the values of v,, v, and 
v,. The difference in the column describes the 
degree of validity of hypothesis (7). 

In cases A and B (see Table |) it is assumed 
that the strategic information system is perfect 
and that the environment is changing slowly in 
case A and rapidly in case B. Cases C and D 
represent situations where the environment is 
stable, so the delays have no effect (v, = 1). In 
case C the strategic information system is quite 
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TABLE 1. COMPARISON BETWEEN THEORETICAL AND SIMULATED RELATIVE VALUES OF AN 
INFORMATION SYSTEM IN CASES A,..., E. 





Difference 


(5H6) 
7: 








good and in case D rather poor. There are also 
variations concerning how long the envir- 
onment has been stable. For example, the 
numbers v, = 0.983, 0.975, 0.948 in case C 
correspond to the strategic planning periods 
16, 10 and 4, respectively. Case E represents a 
situation in which the environment is very 
dynamic or turbulent and the strategic and 
operational information systems are not per- 
fect. 

We see from column (7) that the theoretical 
(5) and simulated (6) values of the management 
information system differ from —0.083 to 0.060 
units. The deviation is about 4.5% of the theor- 
etical values of the MIS. 


The relative value of a strategic information 
system in a strategically stable environment 


The strategic operations of a firm are de- 
scribed in this paper as an iterative process. 
First, some investment decisions are made. 
Their quality will be 100q per cent (1/2 < 


q <1) of the optimal investment decisions 
when q is the quality of the strategic MIS. 
These investment projects are monitored at 
some period. After that 100r (0 <r < 1) per 
cent of the worst of them are cancelled and the 
money is invested again. The probability of 
success is then also g. This process is repeated 
n times. The relative value of the strategic 
information system after n periods, assuming 
that the environment is stable, is described by 
formula (8): 


rms = Yada [q+ (1 — gl —r)(l- ro"). 8) 


The terms v,, vy, q and r have been defined 
earlier. r is a parameter whose value is depen- 
dent on the environment in which the enter- 
prise lives; for the simulation, it was given the 
value 2.71828 (i.e. natural experimental). In the 
following we first motivate function (8) intui- 
tively and then validate it by some simulation 
experiments. 

Due to (7) the use of multipliers v, and v, is 
natural, but for simplicity we assume that the 
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operational information system is perfect, or 
that v, = v, = 1 and then vyys = v,. Next we 
study the case 


q, when n=1 
ms = 


1—r+rq, when n-o 


Both of these are intuitively reasonable. In the 
first case (n = 1) the value of the MIS is equal 
to the quality of the strategic information sys- 
tem g, because no reinvestments have been 
made. The value | — r + rq is the best value 
Uys Can receive, because in the long run the 
fraction (1 — r) of resources is used optimally 
and the fraction r is renewed again and again. 
The shape of function [1 —p~""~')] is 
intuitively reasonable. The speed of increase 
depends on reinvestment amount r and the 
number of investment periods. 

Function (8) is simulated when the opera- 


tional information system is perfect (v, = v, 
= 1), in six cases, where the basic value q is 
about 0.93 or 0.72 and the reinvestment ratio is 
0.1, 0.2 or 0.5. The quality numbers q are esti- 
mated from results, but the reinvestment ratios 
are exact. The results are presented in Fig. 1. 

Table 2 compares some simulated (Fig. 1) 
and some theoretical values (8). The results are 
as good as the results in Table 1. 


A relative value of a management information 
system in a strategically dynamic environment 


The relative value of a management informa- 
tion system is described by formula (8). It can 
also be applied in a strategically dynamic en- 
vironment by dividing the time horizon into 
short periods which the environment can be 
considered approximately stable. Then quality 
number q is estimated at the beginning of each 


TABLE 2. COMPARISON IN A STABLE ENVIRONMENT BETWEEN THEORETICAL (8) AND SIMULATED (FIG. 1) VALUES OF THE MIS 
WHEN THE OPERATIONAL INFORMATION SYSTEM IS PERFECT 





Theoretical value (8) 


n=4 n= 16 n=4 


Simulated value (Fig. 1) 


Theoretical 
value (8)n = x 


Difference 


n= 16 n=4 n= 16 





0.946 
0.955 
0.957 
0.785 
0.821 
0.829 


0.979 
0.983 
0.965 
0.916 
0.933 
0.860 


0.949 
0.948 
0.973 
0.763 
0.837 
0.777 


0.989 
0.983 
0.962 
0.878 
0.910 
0.852 


— 0.003 
+0.007 
—0.016 
0.022 
—0.016 
0.052 


—0.010 
0.000 
0.003 
0.038 
0.023 
0.008 


0.993 
0.986 
0.965 
0.972 
0.944 
0.860 
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period and the numbering of investment 
periods is begun from one. If q and r are both 
large, approaching unity, then the relative 
value (8) of the management information 
system will also work well in a strategically 
dynamic environment. 

Figure 2 presents simulated results from 


cases with a rapidly changing environment, 


and q = 0.72 and r = 0.2. We find some sur- 


prising results. The relative value of the man- 
agement information system increases during 
periods one to ten even faster than the theoreti- 
cal model (8) shows. Thereafter its value drops 
sharply. The explanation for these phenomena 
is that the change of environment during 
periods 2-10 makes it easier for the MIS to 
find good proposals for decisions than at the 
beginning, but after ten periods this is more 
difficult. The strategic MIS works well when all 
options or investment alternatives are almost 
equally good or poor. But it does not work if 
those alternatives which were good at the 
beginning become poor and, conversely, if poor 
alternatives become good. When the reinvest- 
ment ratio is only 0.2, then the enterprise can- 
not adapt quickly enough. After 13 periods, in 
Figure 2, it begins to recover for the sake of 
adaptation. 

If the strategically dynamic environment has 
delays in the information supply, then the 
drops will be deeper and the recovery slower 
than if there are no delays at all. 


DISCUSSION 


The results of this study indicate that the 
value of an operational information system is 
almost independent of the environment. This 
means that improvements in the operational 
information system are usually not risky 
investments. On the other hand the effects of 
the operational information system are some- 
how marginal. 

Adaptive strategy is found to be reasonably 
successful in a stable environment, but it is too 
slow in a turbulent environment. It seems to us 
that a catastrophe theory [8] will prove to be 
suitable in explaining such occurrences as 
appeared in Fig. 2. According to [6] the sharp 
drop in Fig. 2 can be called ‘cusp catastrophe’. 
which is one of the simplest type of catas- 
trophes. It is interesting to find out that 
Maxwell’s rule and Delay rule used in the 
catastrophe theory [6] are special cases of our 
reinvestment strategy. The former corresponds 


- to the case r | (gq = 1) and the latter to the 


case r = 0. 

This study also reveals the possibility of 
estimating the relative value of management 
information systems existing in the real world. 
Some oil refineries or processing plants have 
highly developed operational information sys- 
tems consisting of large mathematical models 
and their data bases and input-output data 
processing systems. The accuracy and delay 
factors v,, vg can be estimated by experimenta- 
tion with these models. The quality of strategic 
information system q might be estimated from 
historical data. Investment ratios r and invest- 
ment periods n can be found easily. Then the 
relative value of the MIS (vyys) of the enterprise 
can be calculated by formula (8) assuming that 
the environment is stable. 
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This paper considers a production planning and control system requiring that, for each work station, 
a time-phased series of input and output values be estimated. It is assumed that the projected input 
levels can vary significantly across time periods and that anticipated output levels can be determined 
by management, subject to limits specified by available manpower and subcontracting. The actual 
input and output levels for each period depart from the planned levels according to a probability 
distribution determined empirically. An approach is presented that allows management to evaluate a 
chosen set of output levels to determine the probability that sufficient amounts of work will be 


available at a work station each period. 


INTRODUCTION 


A PRODUCTION planning and control system 
must be capable of generating, for each work 
station, a time-phased series of projected input 
and output levels indicating that the work sta- 
tion will not suffer downtime as a result of 
exhausting the queue at that station. Unfore- 
seen events can lead to actual input and output 
levels that differ from the planned ones how- 
ever, so that any management procedure that 
determines output levels should be capable of 
addressing the stochastic nature of the actual 
inputs and outputs. Our analysis assumes that 
management is willing to accept a specific risk 
level that the queue vanishes for any period 
during the planning horizon. The high varia- 
bility of input values precludes the use of stan- 
dard queuing theory, as found, for example, in 
Gross and Harris [3]. 

A flow diagram outlining the essential com- 
ponents of a production planning and control 
system is presented in Fig. 1. The planning pro- 
cess requires that a tentative master schedule 
first be defined outlining the priorities (necess- 
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ary quantities and timing) on finished products. 
Using the information from the master sche- 
dule along with the bills of materials associated 
with each product, a material requirements 
plan is generated outlining the time-phased 
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priority plan for assemblies, sub-assemblies 
and components necessary to support the mas- 
ter schedule. A capacity requirements plan is 
then generated by determining the time phased 
order releases on individual operations and 
estimating resulting capacity requirements by 
machine or work center for a series of future 
time periods. A set of capacity requirements 
that might typically be generated by capacity 
requirements planning is outlined in Table 1. 
Once a capacity requirements plan is 
obtained, management must determine 
whether the plan is attainable from a capacity 
point of view. Adjusting capacity levels from 
period to period in order to exactly satisfy 
input plans such as those in Table 1 is imprac- 
tical for most firms, since their capacity can be 
varied only slightly over the short term 
through the use of overtime, undertime, or sub- 
contracting. While a possible alternative is to 
level the capacity requirements plan by adjust- 
ing the master schedule (effectively finite load- 
ing) such procedures generally require exces- 
sive iterations through the planning hierarchy 
(see Fig. 1) and are to be avoided if possible. 
Most managers therefore try to live with the 
present set of planned inputs by determining 
the average weekly output levels necessary to 


satisfy inputs over time. If the resulting average 


output levels are deemed attainable, the 
manager can apply output planning. The 
objective of output planning is to determine 
the best use of available short term work center 
capacity to satisfy the capacity requirements 
plan. The result of the output planning process 
is a capacity plan, as indicated in Fig. 1. 

The determination of satisfactory output 
plans in the context of computerized produc- 
tion planning and control systems is a subject 
which has begun to attract management atten- 
tion. Osgood [4] and Belt [1] employ descrip- 
tive procedures allowing management to evalu- 
ate, via simulation experiments, a chosen capa- 
city plan in terms of its ability to satisfy the 
capacity requirements plan. Fisk [2] outlines a 
procedure which assigns specific numbers of 


TABLE 1. PLANNED 
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standard hours of work to time periods subject 
to the following two criteria: 


(1) no more than the maximum available capa- 
city (regular time, overtime and subcon- 
tracting) is assigned to any period. 


(2) regular time capacity is not underutilized in 
any period due to lack of materials 
(queues). 


We specify regular time capacity to be the 
minimum available work center capacity by 
time period. Criterion (1) above is a technologi- 
cal constraint and cannot realistically be 
exceeded. Criterion (2) may in some cases be 
unavoidably violated, though most firms guard 
against underutilization by choosing an ideal 
average queue level, Q*, large enough to ensure 
that stockouts will seldom if ever occur as a 
result of the observed variations in inputs and 
outputs over time. Also, maintenance of the 
queue level close to Q* helps to keep work 
center lead times stable and predictable. Lead 
time stability is crucial to a successful produc- 
tion planning and control system employing 
time-phasing in the determination of material 
and capacity requirements plans. 

Given the criteria outlined above, Fisk [2] 
developed a goal programming procedure to 
find an n period capacity plan best satisfying 
the following set of goals: 


Goal 1: Minimize underutilization of normal 
capacity at work centers. 


Goal 2: Minimize variation in planned queue 
levels from Q*. 


Goal 3: Minimize labor, subcontracting and 
inventory carrying costs. 


In determining his capacity plan, Fisk assumed 
deterministic inputs and outputs. Actual work 
center inputs and outputs would be expected to 
vary from planned inputs and outputs due to 


INPUTS, WEEKS 1—10* 





Week l : Ce. 


A? Bi Bed, PSS TG 





Planned input 32 64 37 


244 69 423 269 311 74 109 





* All inputs in standard hours. 
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changes in customer orders, variations in pro- 
ductivity, etc., so that a more realistic output 
planning procedure would treat planned inputs 
and planned outputs as random variables. Sec- 
tion II of this paper describes our procedure 
for representing stochastic inputs and outputs 
and presents a numerical example. Section III 
contains concluding remarks. 


INTRODUCTION OF RISK 


For a planning horizon of n time periods, let 
I, and X; denote random variables defined by 


I; = Actual input for period j, j = 1,2,...,n 
X , = Actual output for period j, j = 1,2,...,n 


In order to proceed with the analysis, we make 
the following assumptions: 
(i) The J; are independent, for all j. 


(ii) The X,; are independent, for all j. 


(iii) For each j, J; and X; are pair-wise inde- 
pendent. 


(iv) For each j, J; is normally distributed with 
mean /,, the planned input level for the jth 
time period, and variance a7, the same for 
all j. 


(v) For each j, X; is normally distributed with 
mean X,, the planned output level for the 
jth time period, and variance o%, the same 
for all j. 


The first two assumptions assert that devi- 
ations from the planned input level or output 
level in a given week do not affect input or 
output levels in subsequent weeks. The third 
assumption states that unanticipated changes 
in the input level are independent of unantici- 
pated (as opposed to scheduled) changes in the 
output level. Concerning assumptions (iv) and 
(v), it is clear that the actual input and output 
levels can be either greater than or less than 
the planned levels, though it is less obvious 
that these deviations are normally distributed. 
Given the inexact nature of the entire planning 
process, this assumption is not likely to intro- 
duce serious distortions. The assumed values 
for the means are consistent with the belief that 
these values are the ones most likely to occur. 


The assumption that the /;’s (and similarly for 
the X's) have identical variances follows from 
the fact that the factors causing deviations 
from the planned levels are applicable in every 
planning period. 

Given a system for which assumptions (i}(v) 
apply, the probability of observing a stockout 
in any period j can be determined. Let Qy be 
the queue length at time zero. Then the queue 
level at the end of the first period, Q;, is a 
random variable that depends on the actual 
input and output levels for the first period as 
well as on Qo. More specifically, 


Q:=Q+!1,-X, (1) 

From assumptions (iii), (iv) and (v) we know 

that Q, is normally distributed with mean 
Qo + I, — X, and variance o7 + o3; ice. 

Q,; = N(Qo + 1; — X;, 07 + o}). (2) 

Similarly, the queue level at the end of period j, 

Q;, is a random variable that depends on the 


actual values assumed by the J; and X,, 
i= 1,2,....j. More specifically, 


Q)=%+Y1-TX,. 3) 


From the assumptions (i}+{v) it follows that 


j j 
Q=N(Oo+ S1- FX. He +o). 
i=1 i=1 


To apply this theory, the probability of being 
out of work during the jth period of the plan- 
ning horizon, Prob (Q; < 0), can be determined 
by relation (4) along with normal probability 
tables. The values for a? and o? would have to 
be estimated before the procedure outlined 
above could be implemented. Using historical 
data, we can estimate o7 and o{ respectively by 


LC dsctwat — 1;)?(n — 1), (5) 
and 
YCX dactuat a Xn - 1), (6) 


where the summation is taken over all time 
periods for which data is available. 

A primary objective of the production 
manager concerned with drawing up an n 
period capacity plan is to determine whether 
there will be sufficient work available in each 
period; i.e. whether queue levels will remain 
positive. Recognizing that unanticipated 
‘chance’ fluctuations in input and/or output 
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levels could result in a queue of zero length in 
any period j, we assume that he is willing to 
accept a probability of no more than a; that 
this does occur, i.e. 


Prob (Q; < 0) < oj. (7) 


That is, the manager wants to ensure that the 
probability of being out of work during period 
j does not exceed the assumed risk level a;. A 
deterministic equivalent for the constraint (7) 
can therefore be written as: 


Qj > 9;2; (8) 
where z; is the number of standard deviates 
corresponding to «;, and the quantity ojz; 
measures the queue level required during 
period j such that the maximum probability of 
stockout allowed is «;. 

Ideally relation (8) must hold for all j, 
j=1,..., n, if the stated objective is to be 
achieved. However, since input levels are 
assumed fixed and output levels can be varied 
only within limits specified by minimum and 
maximum capacity for each period, devising 
plans having sufficient expected queue in each 
period such that the «; criterion is always satis- 
fied can in some cases be unattainable. Man- 
agement’s goal should therefore be to 
determine an output plan minimizing Prob 
(Q; < 0) beyond some acceptable level «; for all 
periods, while always applying at least the 
minimum capacity available for each period. 

To demonstrate how our procedure might be 
applied, consider again the set of planned 
inputs outlined in Table 1. Assume minimum 
capacity to be 140 hours each period. Maxi- 
mum capacity, which may include overtime 
and subcontracting hours, is assumed to be 240 
hours each period. Using this information 
along with pertinent cost information, Fisk [2] 
obtained the output plan outlined in Table 2. 
This output plan lists a set of planned outputs 
along with resulting queue levels for each 
period, given the set of planned inputs and 
capacity constraints. While the output plan in 


Table 2 was obtained using a goal program- 
ming approach, other output plans satisfactory 
to management could be generated manually if 
desired. The table also contains the values 
Prob (Q; < 0) for each period j, as calculated 
using (4). Values of o7 = 100 and o? = 50 are 
assumed to have been calculated using (5). 
Maximum acceptable stockout probability «; is 
0.02 for each period j. 

The output plan in Table 2 suggests that 
management use minimum capacity in earlier 
periods due to the relatively low amounts of 
work expected to enter the work center. Out- 
put is increased in period five to remove a 
greater amount of work from the work center, 
and thus be better prepared for the heavy inputs 
beginning in period six. This strategy generates 
a stockout probability of 0.25 in period five, 
much higher than the value of 0.02 chosen by 
management. Reducing output level to 140 
standard hours (minimum capacity) during 
period five allows the expected queue to rise by 
38 standard hours, and Prob (Q; < 0) is 
reduced to an acceptable 0.02 level. Stockout 
probability in period three cannot be reduced 
since minimum capacity is already being 
applied during periods one through three. 


CONCLUSION 

Production planning is normally recognized 
to consist of master scheduling, material re- 
quirements planning and capacity require- 
ments planning. This paper suggests that the 
planning process can be improved by properly 
planning output levels. We have outlined a 
procedure for estimating the effects of uncer- 
tainty in planned inputs and outputs and then 
incorporated this procedure in evaluating out- 
put plans. Using the procedure, management 
can often avoid underutilization of facilities. 

Although changes in available capacity over 
time are not considered within the procedure, 
it can be used to study the effects of such 
changes. One could infer from the output plan 


TABLE 2. OUTPUT PLAN*, WEEKS 1-10 





Week (j) 0 1 2 


BSR EB hie Sg 21D 





Planned input 

Planned output 
Planned queue 
Prob (Q < 0) — 


32 64 37 244 69 423 269 
140 140 140 140 178 190 240 
310 202 126 23 127 


311 74 109 
190 140 140 


18 251 280 401 335 304 


— 014 — 0288 — — — — — 





* All inputs, outputs, and queues in standard hours. 
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in Table 2, for example, that the work center 
might easily get along without a worker during 
the earlier weeks of the plan. Management 
might, therefore, want to consider moving a 
worker to another part of the plant for one or 
more periods where he could be more effec- 
tively used. They could evaluate the effect of 
such a move by reducing capacity in the appro- 
priate periods by the number of standard hours 
associated with the worker transferred and 
reapplying the procedure. Such evaluation 
would require littke management time and 
effort. 
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A theory of competition between firms in heterogeneous markets is formulated using a psychological 
model of choice, the heteroscedastic form of the Thurstone random strength model. Market shares 
are defined in terms of random variables which portray individual variation in perceived utility. The 
analysis focuses on the relationship between market shares and utility variances. Besides the general 
theory of competition two special cases are analyzed, each of which can be identified without precise 
knowledge of the utility parameters. The conclusions tend to support conventional marketing wis- 
dom but emphasize that the degree of dominance of the market leader is a significant factor in its 
competitive strategy. Short and long-run analyses of the model are presented, and it is shown that 
the best policy for a particular firm in the short run remains optimal in the presence of competitors’ 
reactions, but it may no longer be effective. The paper concludes with some comments on statistical 


implementation. 


INTRODUCTION 


THE OBJECTIVE of this paper is to apply an 
established psychological model of choice to 
develop a theory of competition between firms 
in large and heterogeneous markets. The Thur- 
‘stone random strength model has a fifty-year 
history and constitutes one of the classical 
mathematical accounts of the psychology of 
choice [19]. It is implicit in a variety of models 
of brand image and choice, but no attempts 
have been made to apply it in a context to 
which it is uniquely suited: modeling the over- 
all cognitive image of firms over a population 
of consumers who differ in their preference 
structures. In developing this theory we set 
forth some conclusions on competitive strate- 
gies for firms. 

It is assumed that firms can develop their 
images in targeted market segments by such 
means as advertising and promotional activity. 
It is shown that optimum strategy for firms is 
sensitive to two factors: the heterogeneity of 
the population (as measured by utility vari- 
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ances) and the intensity of competition among 
stores (as measured by similarities in the mean 
utility magnitudes). Depending on the con- 
figuration of these variables, one of two diame- 
trically opposed marketing strategies is appro- 
priate. These strategies are discussed in both 
short and long-run contexts, and empirical 
techniques are indicated by which a firm could 
determine its optimum strategy in a given mar- 
keting situation. In most cases the implied 
optimum policies for the various firms are con- 
sistent with generally accepted marketing stra- 
tegies. Since the Thurstone model possesses 
independent empirical support in the psycho- 
logical literature, our results also provide ad- 
ditional evidence in favor of existing practice, 
and promise to facilitate the development of a 
more explicit mathematical basis for it. We 
attempt to demonstrate that this analytic 
framework provides a very general model of 
the competitive process, one which can be 
applied using well-established techniques. After 
a statement of the abstract results, more 
specific remarks are made on two potential 
areas of application. The first concerns strategy 
at the corporate level; the second deals with 
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the management of store-image among com- 
peting retail outlets in an urban region. 


A GENERAL MODEL OF 
COMPETITION 


In the past fifteen years a decisive and well- 
documented shift has occurred in the primary 
sources of theory exploited in marketing 
research (Clawson [4], Hansen [9], Howard 
and Sheth [10]). This shift, from the traditional 
theory of the consumer in economics to 
applied cognitive psychology, has greatly 
increased our sensitivity to problems of disag- 
gregation. These problems are not confined to 
the familiar context of constituting a statisti- 
cally homogeneous market segment among a 
heterogeneous population of consumers. They 
arise with equal force in decomposing the con- 
tinuum of behavior into molecular units (cog- 
nition, evaluation, selection, purchase) and in 
decomposing choice sets into the basic alterna- 
tives over which selection occurs (firms, 
products, brands, attributes of brands). Follow- 
ing the psychological literature, detailed disag- 
gregation of behavior and choice alternatives 
has dominated recent work, e.g. Blattberg and 
Sen [1] and McGuire [15]. 

The proliferation of highly disaggregate 
theory poses problems for marketing practi- 
tioners whose concerns are ultimately aggrega- 
tive and who face the urgent task of developing 
strategies to maximize their share of large and 
heterogeneous markets. In particular, practi- 


tioners manage product lines and marketing - 


strategies for consumers who differ demon- 
strably in needs and tasies. It is clear that no 
market is irreducibly heterogeneous: a major 
part of modern advertising strategy is con- 
cerned with judicious segmentation of markets. 
Since each decision by each consumer is 
unique, this reductionism ceases in practice 
with the definition of a reasonably homoge- 
neous group of consumers. The merit of the 
Thurstone model is that it provides a statistical 
account of image variability in a population 
that is large and heterogeneous, in the senses 
described below. This appears to represent a 
useful framework for marketing practitioners 
who are constrained to work with a manage- 
able number of somewhat heterogeneous mar- 
ket segments. 

The Thurstone strength models have long 


provided an attractive formulation of probabi- 
listic choice over discrete choice sets. Origi- 
nally formulated in the late 1920’s, they have 
been extensively exploited in many areas of 
psychology including theories of psychophy- 
sics, learning and choice: Thurstone [20], 
Laming [12] and Bock and Jones [2]. Bock 
and Jones describe the model, alternative 
forms, associated statistical tests, and some em- 
pirical comparisons. The theoretical and 
applied literature of the Thurstone model is 
dominated by binary forms, because of the 
analytic, theoretical and experimental simpli- 
city of two-choice situations. Homoscedasticity 
of the two strengths is also frequently invoked 
in existing applications. Here, we exploit a 
more general non-binary and heteroscedastic 
form. This is outlined next. 

Consider first an individual consumer’s 
choice over n firms. It is assumed that the i‘ 
alternative may be described by a random vari- 
able U; on a unidimensional psychological 
continuum or scale. In the psychological litera- 
ture the probability distribution is sometimes 
termed a discriminal distribution. The mean p; 
and the standard deviation o; of U; are referred 
to respectively as affective value and discriminal 
dispersion. On the occasion of a specific choice 
it is assumed that each utility is sampled and 
that the object with the highest utility is cho- 
sen. The choice probability for the i" object 
may be calculated as follows: 


Di = ptU; > U;; for all j} 
= | ptU;, =t; U; < t for all jj de. 


With statistical independence of the utilities this 
becomes 


J ft) [] Fy(tde (1) 
-« j#i 


where f; and F; are the mass and distribution 


function of the i® utility. The function p; is 
sometimes termed the response function. A 
variety of probability distributions are logically 
appropriate for the U;, but the normal distri- 
bution is the form commonly assumed. It is 
usually justified by applying the Central Limit 
Theorem to the multitude of independent and 
subjective factors affecting a single choice [12]. 
With normal utility distributions (1) becomes 


Pi = | (1/o,) fe — wor) [] FU — wj/oj]de. (2) 


jti 
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Here f and F are in standard form. In gen- 
eral the y; and o; may be complicated functions 
of a variety of regressors describing the firm 
such as price, service quality, product diversity 
and so on. The most highly developed statisti- 
cal framework for relating choice probabilities 
to the attributes of multidimensional alterna- 
tives is the multinomial logit model, which is 
formally equivalent to a Case V Thurstone 
model with logistic utility differences [12]. 

Several existing formulations of buyer be- 
havior are consistent with this account of the 
cognitive processes of choice. For example, the 
imputed random variability of ‘utility’ under 
the impact of a variety of variables is analo- 
gous to the Lewinian account of tension and 
path-choice as applied to marketing by Claw- 
son [4]. Howard and Sheth [10] provide a 
plausible set of candidates for factors to be 
built into the y; and o; in regression format as 
continuous or dummy variables (price, quality, 
distinctiveness, availability and service). Our 
empirical knowledge of an appropriate vector 
of attributes of firms is still scant, as Howard 
and Sheth acknowledge. 

In aggregating this account of individual 
choice over a population of consumers our 
framework admits of two quite different inter- 
pretations. These correspond to two of the 
cases delineated by Thurstone [20]. 


(a) Under the first interpretation individual 
. acts of choice are taken to be intrinsically pro- 
babilistic in the sense of Luce and Suppes [13]. 
Randomness in the U; portrays variation in the 
utility perceived by an individual due to a host 
of subjective and intangible effects. In this 
interpretation randomness arises not in sam- 
pling individuals, but in their internal cognitive 
processes. 


(b) The second interpretation is the most 
plausible when data contain one single 
observed choice (or elicited preference) for each 
individual. In this case it is impossible to 
determine whether individual behavior is 
deterministic (consumer-theoretic) or genuinely 
probabilistic. It is convenient to assume that 
individual choice is. determined by the maximi- 
zation of utilities which are constant for each 
individual. However, the utility of the ith firm 
is assumed to possess the probability distribu- 
tion of U; over a large, heterogeneous popula- 


tion. Thus to sample an individual randomly is 
equivalent to sampling the utility vector. With 
Statistical independence of the U; the choice 
probability of the ith alternative is identical to 
(1). In this interpretation the probability den- 
sity of U; portrays the distribution of utility in 
a large population: it does not purport to de- 
scribe individual cognitive processes. Because it 
is plausible to assume statistical independence 
between observed purchases or questionnaire 
responses of separate individuals, this assump- 
tion yields a_ straightforward multinomial 
model of aggregate choice. This interpretation 
is the one consistently adopted in this paper. 


ALTERNATIVE COMPETITIVE 
STRATEGIES IMPLIED 
BY THE MODEL 


The choice model provides a framework for 
the analysis of policy designed to create the 
most desirable image possible among potential 
customers. A firm might fruitfully attempt to 
modify all values of py; and o;, its own and, in a 
more aggressive context, those of its competi- 
tors. The model implies that this endeavor pos- 
sesses two quite different dimensions: some 
policies may be directed at altering the y,, 
while others may primarily affect the o;. 

The affective values (y,;) represent the average 
composite utility of the firms as perceived by 
the market population. Marketing policies, 
such as advertising, which extol a given firm or 
draw unfavorable comparisons with competi- 
tors, are traditionally directed at altering the y;. 
It is very simple to prescribe optimal policy 
with respect to the y;. This is because p; is a 
strictly increasing function of y; and a strictly 
decreasing function of yu; j # i. This remains 
true regardless of the numerical magnitude of 
all 4; and o;. Thus the i firm should endeavor 
through advertising, customer service, price, 
publicity, etc. to increase the value of the mean 
attractiveness py; as much as possible. In a more 
aggressive advertising context it should also 
attempt to decrease the yu; of some or all of its 
competitors. These conclusions accord well 
with common sense. Because of the uniformity 
of optimum policy regardless of market condi- 
tions or the time frame of planning, we shall 
not discuss this aspect of strategy further. The 
propositions below relate to the more complex 
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and interesting issue of optimum policy involv- 
ing the o;. 

The o; measure the degree to which con- 
sensus (whether favorable or unfavorable) exists 
among consumers. It is shown below that a 
firm can either benefit by or suffer from 
changes in its discriminal dispersion 4;. 
Increasing o; results in a greater number of 
people possessing a high regard for the firm, 
but doing this also produces people with a 
more negative attitude toward it. In short, a 
greater spread in attitudes toward the company 
has been created. As demonstrated below, there 
are circumstances under which it is in a firm’s 
interest to make o; as large as possible. Con- 
versely a small discriminal dispersion implies 
relatively little disagreement among the popu- 
lation in their evaluation of the relevant firm. 
We shall show that in certain situations the 
firm should strive to decrease @;. 

The optimum policy depends upon how p; 
changes as g; is increased or decreased. Also, it 
is desirable to analyze the behavior of p;, j # i, 
as go; is varied. This may be accomplished by 
considering the algebraic signs of the appro- 
priate differentials dp. 

‘For the purposes of this analysis we can 
assume that the competing stores are labelled 
so that pw, <u, < °°: <p. From (2), the 
expression for the choice probability, it can be 
shown that 


3 | (1/o?){((t — w/o)? — 13 f$O(t — w/o.) x [] FU — molt, j=i 
ie -« k#i 


do, ) [* yee 
" [ (l/o) f(t — w/o lft — w/o lu — d/o?) x ne FU(t — y)/ox]dt, j#i. 


The differential dp; is given by 


dp; = Py za do;. (4) 

Clearly the i firm should endeavor to make 
dp; positive. The sign of dp; may be determined 
once the values of the y; and o; have been 
estimated, j = 1,..., n. It should be noted that 
although only yu; and o; are under the direct 
control of the i entrepreneur, the magnitude 
and sign of dp; depend on the values of all the 
means and deviations. Expression (4) can be 





? Because of the apparent difficulty of this analysis, it 
should be emphasized that numerical evaluation of (3) to 
any specified degree of precision is straightforward. Indeed, 
these computational expenditures appear trivial in the 
overall context of marketing costs. 


used to estimate the impact on the market- 
share p; of a proposed change in the dispersion 
o;. Furthermore the signs of the derivatives in 
(3) would reveal the impact of the proposed 
change on the market shares of competitors. 
These results, and the proposition which fol- 
low, suggest short-run strategies in the context 
of unchanging p;, 0; j # i. Long-term strate- 
gies, in the face of adjustments by competitors, 
are addressed in the next section. Issues of em- 
pirical parameter estimation are discussed sub- 
sequently.” 

The preceding comments are applicable to 
short-run strategy in all possible situations. We 
now consider two interesting special cases 
which can be identified without determining 
any of the yu; and a; exactly. The first of these 
two cases involves a highly competitive environ- 
ment. For a given value of n, we characterize a 
situation as competitive if all the o; are large 
relative to differences between the means, im- 
plying considerable ‘overlap’ in the discriminal 
distributions. A case with n = 3 is shown in 
Fig. 1. 

The second case deals with a relatively non- 
competitive environment in which the relevant 
firms have targeted the same market segment 
but with markedly different success. This situ- 
ation can be characterized by relatively large 
differences between the p’s, but more important 





(3) 








by small values for the o’s relative to these dif- 
ferences. See Fig. 2. 

The following propositions describe strate- 
gies that the ith firm should adopt in the highly 


p=5.0 
o=1.4 





UTILITY 


Fic. 1. The pdf's for the random utilities in the highly com- 
petitive case (n = 3). 
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UTILITY 


Fic. 2. The pdf's for the random utilities in the relatively 
non-competitive case (n = 3). 


competitive and relatively non-competitive 
situations. The strategies involve deciding 
whether the discriminal dispersion should be 
diminished or augmented. These propositions 
depend upon the algebraic signs of the deriva- 
tives (3) and are consequences of the theorems 
provided in the Appendix. All the propositions 
prescribe strictly short-run strategies. 

The first two propositions, which follow 
from Theorems | and 3, describe the strategy 
that the market leader (the firm with the largest 
scale value y,) should adopt. Note that the 
proper strategy in one case is totally inappro- 
priate in the other. It should be kept in mind 
that each of the following propositions is valid 
only if exactly one firm alters its discriminal 
dispersion. The more general, interactive situ- 
ation is analyzed in the next section. 

Proposition 1. In a highly competitive situ- 
ation the market leader, firm n, can increase its 
market share by increasing o,, ceteris paribus. 

Proposition 2. In a relatively non-competitive 
situation, the market leader can increase its 
market share by decreasing o,, ceteris paribus. 

The following two propositions apply to all 
firms. 

Proposition 3. In the highly competitive case 
any one firm can increase its market share by 
increasing its discriminal dispersion. (Thus, not 
only the market leader, but all firms should 
seek to increase o when intense competition 
exists). 

Proposition 4. In the highly competitive case, 
if o; is increased and the other discriminal dis- 
persions are unaltered, then the probability 
that a customer will patronize firm j is de- 
creased for all j # i. (If one firm should succeed 
in increasing its market share, then the choice 
probability for at least one other company 


would necessarily decrease. This proposition, 
which utilizes Theorem 2, asserts that in fact 
every other firm suffers a loss of patronage.) 

The final proposition, which is based on 
Theorem 4, concerns the strategy that is appro- 
priate for all firms other than the leader in the 
non-competitive situation. 

Proposition 5. In the relatively non-competi- 
tive situation, firm i, i # n, can increase its 
market share by increasing g;. 

The conclusions above have been phrased in 
terms of the o; which we have substantively 
interpreted as measures of heterogeneity in a 
composite utility measure across the indivi- 
duals of a targeted market segment. A mechan- 
ism for manipulating o; will be suggested in a 
subsequent section. 


IMPLICATIONS FOR 
LONG-TERM STRATEGY 


The propositions above constitute a partial 
equilibrium analysis. They prescribe optimal 
decisions for a single firm, with all other vari- 
ables held constant. This is an appropriate 
framework for the analysis of decisions in the 
face of stable competition, or for strictly short- 
run, day-to-day image strategy (e.g. strategy to 
last for the duration of one advertising special). 

In this section we address the more general 
issue of strategy in a system of firms each of 
which applies the propositions above in a reci- 
procal and competitive way. As we shall show, 
long-term strategies can be obtained from a 
general rather than a specific knowledge of the 
actual values for the yu; and a;. Moreover, if 
each firm is able to monitor the y; and a; for 
itself and its competition with some accuracy, 
the model is capable of yielding an unlimited 
series of future strategies. The time framework 
of competitive reaction and whether or not 
firms engage in rivalry and ‘personal’ competi- 
tion depends on the size of the marketplace 
and the number of competitors. In classical 
terminology retaliatory responses to specific 
short-run actions would surely arise in oligo- 
polistic situations. If the competitive situation 
among firms approximated monopolistic com- 
petition, specific and large-scale reaction to 
unilateral image shifts by a single business 
would be somewhat less likely. Of course, it is 
inappropriate to make assertions about the 
relative likelihood of personal or impersonal 
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competition without knowledge of the relative 
importance of price and non-price competition 
and of the differentiation of products. As will 
be argued in the next section, general differen- 
tiation (specialization) of products is equivalent 
to increasing 9;. 

Under rather general conditions the short- 
run strategies prescribed in the propositions 
above continue to be optimal (i.e. the best avail- 
able) in the long-run. The model does not, 
however, guarantee the effectiveness of the opti- 
mal strategies in the long-run, since actions by 
competitors may prove stronger. 

Suppose that the k' firm wishes to 
determine its optimal long-run strategy, in the 
environment we have characterized as highly 
competitive. According to Proposition 3, the 
firm should increase its discriminal dispersion 
co, In the short-run this will guarantee an 
increase in the market share p,. If other firms 
react, by modifying their o;, the firm should 
persist in this strategy, as we shall show. 

As indicated above the goal of the k'" firm 
should be to make its differential dp, positive. 
The only term in the expression for dp, 
amenable to direct control by the firm is 
(Op,/0c,)do,. By Theorem | in the Appendix, 
Op,/6o, > 0. Thus a_ positive incremental 
change in o, (i.e. do, > 0) guarantees that the 
one term under the control of the k'" firm is 
positive. Hence the k'" firm should strive to 
increase its discriminal dispersion. Whether 
this will result in a rise in market share 
depends on the effectiveness of the competition. 
To be more precise, p, will increase if, and only 
if, 


Op, “ OPs 

ss ee hye ef 

00, sa . | d 00; 7 
itk 


From Theorem 2 in the Appendix we know 
that dp,/d0; < 0, Vi # k. Thus, roughly speak- 
ing, (Op,/0c,) do, will tend to dominate the sum 
provided the k'" firm is more successful in 
increasing its discriminal dispersion than are 
its competitors. 

If the market environment can be character- 
ized as relatively non-competitive, then as 
above the optimal long-run strategy is to 
pursue the prescribed short-run strategy. For 
example, the market leader desires that dp, be 
positive. Since dp,/0c, is negative (cf. Theorem 
3 of Appendix), the only term in the expression 
for the differential under its control, (ép,/0¢,) 


do, is positive provided do, is negative. Thus 
the market leader should seek to diminish 
its discriminal dispersion irrespective of the 
actions of its competitors. Analogous state- 
ments apply to the other firms. 


COMMENTS ON APPLICATIONS 


For the general model to be useful in appli- 
cations it is necessary to clarify the ways in 
which firms can alter the values o;. Plainly this 
issue is a very complicated one from either a 
marketing or a cognitive psychological view- 
point. The interpretation of the abstract model 
which follows is only provisional, but it 
appears plausible and it is in substantial agree- 
ment with existing theory. We suggest that the 
principal way in which a firm may increase a; 
is to engender a specialized or distinctive cogni- 
tive image by means of its promotional ac- 
tivity. In a reasonably heterogeneous market 
place such action will inevitably enhance the 
firm’s image with some consumers, while de- 
creasing its evaluation by others. For example, 
if a men’s clothing store adopts a format of 
jeans and rock-music, it will undoubtedly 
enhance its business with the young, while re- 
pelling others. The net effect will be to increase 
the spread of utilities in a large population. 
Conversely, we claim that if a firm attempts to 
‘be all things to all people’ the net effect will be 
to decrease a;. Since each customer can obtain 
what he wishes from such a firm, there would 
be relative agreement among all customers as 
to the utility of that firm. Thus the company 
would have a small discriminal dispersion. 

The propositions above imply that for all 
firms except an overwhelming market leader, 
the optimum policy is to increase o;. Our inter- 
pretation thus agrees with practical marketing 
theory and classical consumer theory: in gen- 
eral a firm should endeavor to be distinctive. 
The plausibility of our conclusions may be 
illustrated on a large scale by a comparison of 
the computer industry and fast food business. 
The former can be described as relatively non- 
competitive (in our sense) because the industry 
leader is very dominant (yu, > w,-,). In this 
case the leader would be justified in not 
attempting to specialize. Instead it could offer a 
very wide spectrum of services, thus meeting 
the needs of almost all potential customers 
(Proposition 2). This does appear to be a fair 





Omega, Vol. 8, No. 1 59 


description of the policy of IBM. The other 
firms in the computer industry, on the other 
hand, should attempt to specialize (Proposition 
5). By contrast, the fast food business does not 
have a clearly dominant leader. Our other pro- 
positions imply that all firms, including market 
leaders, should specialize and not attempt to 
offer a full spectrum of products. Such appears 
to be the case; for example, compare 
McDonald’s and Kentucky Fried Chicken. 
These comments apply to competition at a 
general corporate level over large markets. A 
more specific example of how the general com- 
petitive model may be applied in a local con- 
text is provided by the management of store- 
image in an urban region. Several recent 
attempts have been made to develop predictive 
models of retail patronage in cognitive terms 
(e.g. Burnett [3], Stanley and Sewall [18]). It is 
known that stores frequently possess distinct 
cognitive images. This is true even in the case 
of chains, where the principal distinguishing 
characteristic of individual sites may be their 
unique location. It is also known that the cog- 
nitive images of stores are subject to many 
sources of variation at the level of the indivi- 
dual consumer, and even more in_hetero- 
geneous populations. Recent research in the 


marketing and business disciplines and in be- 
havioral and marketing geography has begun 
to uncover the dimensions of cognitive store 
images and to unravel the associated sources of 
variation. Wheatley and Chiu [22] provide an 
account of store image in the context of price, 


product and_ respondent characteristics. 
MacKay and Olshavsky [14] place retail 
studies in the context of literature on cognitive 
maps. Burnett [3] and Downs [7] exemplify 
recent geographic work on the dimensions 
of cognitive images and appropriate scaling 
methodologies. 

An ideal framework for mathematical analy- 
sis of store image over heterogeneous popula- 
tions should presumably have the following 
minimum content: a_ psychologically-based 
account of the cognitive processes of destina- 
tion choice in a varied group of consumers; a 
mathematically determinate model of the rele- 
vant choice probabilities; and a decision rule 
for prescribing optimum policies. A natural 
and frequently-used framework is a multino- 
mial choice model (simple or compound) and a 
decision rule involving maximization of an 


expected value (say, of total sales or total visits) 
taken with respect to the multinomial prob- 
abilities. With fixed total visits or expenditure 
frequencies this decision rule is equivalent to 
maximizing the choice probability for the store 
in question. Probably the best known store- 
choice model of this type is that of Huff [11], 
which has more recently been cast in cognitive 
terms (e.g. Burnett [3], Stanley and Sewall 
[18]). The principal drawback of the tradi- 
tional Huff model is the need to assume con- 
stant choice probabilities over localized 
samples of respondents (i.e. over trip origin 
zones). The competitive model presented here, 
in contrast, permits local sample groups to be 
treated as heterogeneous in their tastes and 
preferences. 

In this application U; would be interpreted 
as the perceived utility of the i" store of a 
competitive set such as food supermarkets. The 
values y; and o; could be parametrized for a 
dispersed sample of consumers by writing the 
utility means and variances as functions of site 
characteristics such as price and floorspace, 
and as functions of distance such as actual or 
cognitive travel time. A number of appropriate 
scaling methodologies are discussed in Gol- 
ledge and Rushton [8]. According to our 
account the model of an individual’s choice be- 
havior has two components. The means and 
standard deviations are deterministic functions 
of such measures as site characteristics and 
travel time. Individual variation around these 
values is summarized as random variables. 
Heterogeneity of choices by adjacent con- 
sumers (e.g. residents of the same city block) 
arises exclusively from the stochastic compo- 
nent, describing individual and monentary 
vagaries of preference. Heterogeneity of choices 
among consumers in widely dispersed parts of 
the city arises both from random variation and 
from systematic variations in the py; induced by 
differing distances or travel times with respect 
to the choice set of stores. More detailed dis- 
cussion of this account of store choice is pro- 
vided in Pipkin [16]. 


STATISTICAL IMPLEMENTATION 


In this section two schemes are outlined for 
implementation of the proposed model. One is 
statistically elaborate, entailing substantial 
nonlinear parameter estimation. The other is 
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cruder but far simpler. Our intent is not to 
provide a comprehensive parameter-estimation 
framework for the model, but only to indicate 
its potential practicality. 

The desiderata for an entrepreneur in apply- 
ing this model are to obtain estimates of the 
relative magnitude of the y; and the o; for him 
and his competitors in an appropriately chosen 
market segment. With reference to these values, 
he may determine an appropriate image man- 
agement strategy for that market segment. For 
the sake of simplicity in this illustration we 
assume a contiguous sample of consumers: we 
eliminate spatial variation as a source of het- 
erogencity in the utilities, and therefore dis- 
pense with the necessity of writing spatial 
coordinates into the py; and o;. The extension of 
the model to several localized market regions 
or to a dispersed sample of consumers is quite 
straightforward. 


METHOD I 


The first method of estimation assumes that 
the n competing firms are characterized by a 
series of specified attribute variables, such as 
price, service and quality, and that the py; and o; 
are written as known functions of these vari- 
ables, and of a vector 6 of k parameters to be 
estimated. Assume that a total of M question- 
naire preference or overt choices are elicited 
from the sample. Let x; represent the observed 
value of X;, the binomial random variable 
describing the number of choices for the i'* 
alternative, (with £x; = M). The X; are jointly 
multinomial, ie. 


po) = | [1/0] f {Lt — p4(0))/0,(0)} 


x T] File — 4j())/0,(0)} dt. 


j#i 


The log-likelihood of the observed vector of 
visit frequencies is 
L(0) = ¥. x; loglp(6)] 


i=1 
while the unweighted least-squares minimand is 
LS(0) = © [xi/M — p(0). 
i=1 
Two estimation strategies are available in each 


case: search in the k-dimensional parameter 
space, or an attempt to solve the systems of 


first-order conditions 


respectively, as sets of non-linear simultaneous 
equations. Numerical experiments indicate 
little difference in the mathematical difficulty of 
maximum likelihood and least-squares esti- 
mates. A technique which substantially simpli- 
fies estimation is to approximate the normal 
distributions by logistic forms, yielding an 
expression in closed-form for the p;. Although 
time-consuming, direct estimation of the par- 
ameter vector is feasible in each case. 


METHOD II 


The calibration method described above is 
preferable to the following simpler approach, 
since it permits the explicit incorporation of 
independent variables, tests of the significance 
of their impact on consumer choice, and also 
prediction for new or planned values of the 
relevant variables such as price or location. 
However, the only immediate requirements for 
the entrepreneur to decide between the alterna- 
tive advertising strategies are numerical esti- 
mates of the values of the y; and o; themselves. 

A very extensive psychological literature 
addresses this attitude-scaling problem (e.g. 
Dawes [5], Torgerson [21], Bock and Jones 
[2].) The most obvious approach would be to 
characterize each of the n alternatives on one 
(or on n separate) rating scales, by a question- 
naire. The utility means and variances could be 
directly inferred from the distribution of re- 
sponses on the evaluative scales. Far more ela- 
borate paired-comparison and_ ranking 
schemes are described in detail in the refer- 
ences cited. 


CONCLUDING REMARKS 


A framework has been described for model- 
ling competition with some degree of psycho- 
logical realism, over large and heterogeneous 
markets. The psychological bases of the model 
are well-established, and adaptation of existing 
parameter-estimation and hypothesis-testing 
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frameworks to the marketing context is 
straightforward. The model prescribed opti- 
mum strategy in terms of manipulation of o;, 
measuring heterogeneity in perceived utility 
over a large market segment. We have made 
some assumptions on the way that pro- 
motional activity affects the o; and have shown 
that the results are largely consistent with 
conclusions in the marketing literature and 
classical production theory. However, certain 
subtleties have been shown to arise in the case 
of the market leader. 

The first part of our analysis pertains to stra- 
tegies that a firm should follow in the short 
run. The theory demonstrates that in two 
rather general situations a given firm, in the 
absence of any countermeasures by its com- 
petitors, can increase its market share by alter- 
ing its discriminal dispersion in the appropriate 
manner. Next we have shown that the policy 
which is optimal in the absence of reaction by 
competitors remains optimal if it is assumed 
that each firm adopts the strategy that is 
appropriate for it in the short run. Although in 
this case a firm is no longer assured of an 
increasing market share, the analysis demon- 
strates that any other policy would be less 
effective. 

This analysis appears to be relevant to com- 
petition in a variety of settings, including the 
manipulation of overall corporate images, and 
the development of market strategies for indivi- 
dual retail outlets. 
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APPENDIX 


The appendix contains the theorems, together with an 
outline of their proofs, needed to justify the propositions 
stated previously. For each theorem, it is assumed that 
n> 2. 

Theorem 1. If uy, — pw, and jo, — o,|, k, 1 =1,..., n, are 
sufficiently small, then dp;/do; > 0, i = 1,...,n. 

Proof: It is sufficient to show that dp;/do; > 0 in the case 
My = 2 = ++ = Wy, = pando, = 0, =--- = a, = a. Since 
the partial derivative is a continuous function of all the 
Ly, and o,, the desired result follows. Using the expression 
for the partial derivative, namely (3), and the equality of 
the p’s and o’s enables us to write 


a [ (1/0?) {f(t — po}? — 1) 


x f[(t — w/o] F[(t — w/oy""' de. (Al) 


Next the change of variable w = (t — y)/o produces an 
expression which can be written as the sum of an integral 
over (— «,0) and another over (0, x). In the first integral 
make another change of variable, w = —s, and combine 
the resulting integral with the one over (0, x) to get 

oi -( (1/)(w? — 1) f (w)G(w)dw; 

0e; rn) 
here G(w) = F(w)"~' + F(—w)"~'. It can be shown that 
G(w) is a positive, monotone increasing function of w on 
(0, oc). It is also true that 


1 x 
= i) (w? — 1) f(w)dw = + | (w? — 1) f(w)dw > 0. 
0 1 
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: 1 
Pi = | (1/o)(w? — 1) fow)Gow)aw 
i 0 


+ | (1/0)(w? — 1) f(w)G(w)dw 
1 


1 
> { (1/a)(w? — 1) f (w)G(1)dw 
0 


+ | (1/o)(w? — 1) f(w)G(1)dw = 0. 
1 


Theorem 2. If pf, — py and jo, — o;|, k, | = 1,2,...,n, 
are sufficiently small, then dp;/d0; < 0, j # i. 

Proof: As with the proof of Theorem 1, it suffices to 
establish that dp;/do; <0 provided the ,’s are all equal 
and likewise for the a’s. 


From (3) and the assumed equalities we have 


[tu 701 ft — wyoPFUUt — wor? 


* | [lt — w/o?) f Ut — wio}2FUt — wo}? at. 


In the second integral make the change of variable w = 
2 u» — t and combine the result with the first to obtain 


[t= 90° $0 - wvoPHendr, 


H(t) = F[(t — p/o}""* — F[(u — d/o}? 
Since, as is easily seen, H(t) <0 on (— x, p), the desired 
result follows. 
Theorem 3. If the o,, k = 1,...,n — 1, are sufficiently 
small, then dp,/da, < 0. 
Proof: By using (3) and the change of variable 


w = (t — p,)/o,, we can show that 


| (1/o,)(w? — 1) fw) 


x [T] Fllonw + pn — Hy)/o,] dt. 


k#i 


Since F is the CDF for the standard normal distribution, 
for i = 1,2,...,n — 1, we have 


P 0, w<c- (Un a Hi)/On 
1 _ . : = 
we F[(o,w + bn — Hi)/oi) o> = bet. 


From this it follows that 


lim I] 


@,-170 i=1,2,..., n- 


F[(o,W + bn — #i)/oi] 
1 
Ww <= (Un = Mn-1)/On 


- 
1, W> — (Hn — Mn-1)/On- 
Using integration by parts, it can be shown that 


[ (1/o,)(w? — 1) f(w)dw = 0. 
0 


Since the integrand of the above integral is positive on 
(— «x, —1) and negative on (—1, 0), we have 


4 (1/o,)(w? — 1) f(w)dw <0. (A2) 


= (Un om Un-1)/Gn- 


But for ¢,,02,...,0,-1 sufficiently small, the integrand of 


| (1/04)? — 1) fw) 


aimee: | 


te ey Seer n- 


F[(o,w — Un — Bi y/o, |dw (A3) 
1 


and that of the integral in (A2) are ‘close’. By appealing 
to the appropriate limiting theorem (the dominated conver- 
gence theorem), it can be shown that the negative value 
in (A2) carries over to the expression (A3). 

Theorem 4. For o;, i # j, sufficiently small, ép;/dc; > 0, 
j#n. 

Proof: The proof is quite similar to that of Theorem 3 
and hence is omitted. 


ADDRESS FOR CORRESPONDENCE: Dr DP Ballou, School of 
Business, State University of New York at Albany, 1400 
Washington Avenue, New York 12222, USA. 
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This paper presents one of the first attempts to develop stochastic models of industrial buying 
behaviour. The Beta-binomial model, used to model consumer purchase incidence, also works well 
for industrial consumers. Purchase size is shown to be lognormally distributed suggesting that 
something like a log random walk process may be operating. However it proved impossible to 
combine these two stochastic models analytically and a less rich model, the Markov reservoir, was 
shown to fit the data providing useful insights into the dynamics of industrial markets as well as 


suggesting areas for further research. 


THERE ARE a number of major differences in 
the research traditions of consumer and 
organisational buying behaviour. These differ- 
ences usually reflect profound differences in the 
subject matter under study. However in at least 
one case a difference occurs which appears to 
be largely due to the relative availability of 
data in the two research areas. 

Much of the vast literature of consumer be- 
haviour is devoted to stochastic modelling of 
consumer behaviour patterns. Broadly charac- 
terised they would seem to be attempting to 
answer the question ‘How do consumers buy?’ 
rather than ‘Why do they buy in this way?’. 
There is no equivalent literature in organis- 
ational buying behaviour. One or two peri- 
pheral studies have been reported [9,11] but 
no attempt to build a comprehensive stochastic 
model of patterns of industrial purchasing 
seems to have been carried out. This paper 
reports an attempt to begin to remedy this 
omission. 


MODELS OF CONSUMER BUYING 


Stochastic models of consumer buying be- 
haviour have been characterised as being of 


OME8 1 £ 


two types; purchase choice and purchase inci- 
dence. The former attempt to explain the pat- 
terns of choice consumers make between 
brands; the latter attempt to explain the pat- 
terns of purchase incidence that occur for a 
single brand or product. In addition a number 
of mixed models have been developed. 

The existence of consumer panels has been a 
major influence in the development of models 
of consumer buyer behaviour. These panels 
provide detailed information on purchases of 
all the brands in a market, albeit based upon a 
sample of consumers. Unfortunately there are 
are no industrial equivalents. If all the sellers in 
a market would agree to provide sales data by 
customer the same information could be 
obtained from the opposite direction. The sen- 
sitive nature of such data however means that 
such an agreement can usually not be reached. 

This, in effect, meant that only models of 
purchase incidence, i.e. of a single brand at a 
time, could be tested using sales data from only 
one firm competing in any one industrial mar- 
ket. Fortunately Ehrenberg [8] has demon- 
strated that examining patterns of single brand 
purchases in consumer buying is a viable 
approach and one that can eventually lead to 
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TABLE |. PURCHASE DATA FOR AN INDUSTRIAL BRAND 





Kilogram purchases over a 4 month 
period 
Months 
Customers 





5630 2462 


100 — 





satisfactorily integrated models of purchase 
incidence and purchase choice [5]. 


INDUSTRIAL PURCHASE DATA 


Purchase data for an industrial brand are 
shown in Table 1. 

The brands used in the study, 19 brands repre- 
senting 19 separate product fields, are best de- 
scribed as fast moving industrial goods (for 
example chemicals and packaging materials) of 
standard specification. The confidentiality with 
which firms regard sales data was amply 
demonstrated by the fact that many firms 
approached refused to cooperate. The sample 
was therefore essentially a convenience sample. 
This was less important than it might have 
been since, following Ehrenberg, it was part of 
the study to discover if one model or set of 
models could describe the purchase patterns of 
all fast moving industrial goods, however 
chosen. 

These brands provided the most direct in- 
dustrial equivalent of consumer supermarket 
goods. This choice ensured that the number of 
purchases made was large enough to allow 
model development and testing to be carried 
out. This would not have been the case if data 
on, for example, capital goods had been used. 

Purchases of fast moving industrial goods 
are different in at least one respect from those 
of their consumer equivalents. They are not, in 
general, prepacked or unitized to the same 
extent as consumer brands. Industrial buyers 
can usually order any quantity they like. This 
means that industrial purchases vary on two 
dimensions: 


(1) when the purchase is made (purchase occa- 
sion) 


(2) how much is purchased at that time (pur- 
chase size) 


The former is dichotomous and is the standard 
variable in stochastic models of consumer be- 
haviour. The latter is continuous and has few 
consumer behaviour equivalents. Both of these 
variables have been modelled successfully. 
However, attempts to integrate the two models 
have been only partially successful. 


A MODEL OF PURCHASE OCCASION 


Chatfield and Goodhart [4] describe a model 
of consumer purchasing, the BBD model, 
which was developed in an attempt to solve 
some of the remaining problems of the other- 
wise widely applicable Compound Poisson 
model [8]. This model assumes that each indi- 
vidual purchaser of a brand buys in each 
analysis period according to a binomial pro- 
cess. If then the distribution of long run pur- 
chase probabilities over the population of pur- 
chases is assumed to be a Beta distribution 
then the distribution of purchases in any 
period longer than the basic analysis period 
will be Beta binomial. Chatfield and Good- 
hardt demonstrated the fit of this model to 
consumer purchase data as well as illustrating 
the wide variety of relationships which can be 
predicted from a knowledge of the parameters 
used to fit the Beta binomial to empirical data. 
The BBD can exhibit a variety of shapes in- 
cluding a reverse J shape with a mode at zero 
and U shape with modes at zero and at the 
maximum number of purchase periods. With 
this flexibility it is not surprising that it fits a 
wide range of data including consumer goods 
purchasing, TV viewing and press readership. 
This model uses as its basic variable the pur- 
chase period, defined as a period of time during 
which at least one purchase is made. This is a 
particularly useful concept in industrial pur- 
chasing when the exact date of purchase is not 
always easy to define. The raising of a purchase 
order may occur several weeks before the final 
settlement of an invoice, let alone delivery. It is 
not clear at what point it would be useful to 
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TABLE 2. AN EXAMPLE OF THE FIT OF THE BBD TO OBSERVED 
DATA 
Four Year data for 196 industrial firms buying a brand of 
industrial chemicals 





No. of 
purchase 
periods 


Number of firms buying 


Observed BBD Deviations 





— (1100)! 
51 48 +3 
26 25 +1 
13 18 —5 
12 14 

11 

10 


CeIDNaRWN— OO 


DAAxnnxrAeCoO 


14 
196 


DBDBoeAInad 


so 





' Estimated as a parameter of the distribution. 


consider a purchase as having occurred. The 
use of the purchase period concept largely 
solves this problem. 

The highly skewed nature of the observed 
purchase frequency distributions and _ the 
expectations of parallels between consumer 
and industrial purchasing behaviour led to the 
try out of the BBD model for these data. 

Table 2 shows an example of the fit of the 
BBD to quarterly purchase period data for a 4 
year period. In all, 16 periods were therefore 
available in which a given industrial customer 
could make a purchase. The observed fre- 
quency column shows the number of customers 
who purchased in a particular number of pur- 
chase periods. 

The BBD is defined in the interval 0 to n. 
However customers must have made at least 
one purchase in the 4 year period in order for 
them to be included in the data set. The 
number of non buyers is therefore unknown by 
definition. The number of non buyers was 
therefore included as a third parameter in the 
fitting of the BBD model to observed distribu- 
tions by using a simple adaptation of the 
method described by Goodhardt and Chatfield. 

Although there are some large differences 
between the observed and theoretical frequen- 
cies these are irregular: no reasonably simple 


theoretical distribution could be expected to 
handle such apparently irregular variations in 
the observed data. Similar results _ were 
obtained for 8 other brands for which suffi- 
ciently long time series were available. The pat- 
tern of negative deviations in the tail shown in 
this example is not typical of other brands; a 
variety of deviation patterns was obtained. 
The BBD does not fit perfectly but its perform- 
ance is unlikely to be bettered. 

The BBD model is rich in the variety and 
number of relationships that can be predicted 
from a knowledge of the parameters of one 
observed distribution. One example of such a 
relationship is given in Table 3. Given the 
assumptions of the BBD model it can be 
shown that the ratio of mean purchase fre- 
quency Wn in a period of length n units to the 
mean purchase frequency WT in a period of T 
units is given by: 


WT: T Bla, b)- Blan + b) 
Wn 


n- Bla, b)-Bla, T + b) 


where a and b are the parameters of the BBD 
and B the Beta Function. Table 3 compares the 
observed and predicted ratios for a product for 
which data on 24 purchase periods is available. 
The overall fit is good but with some evidence 
of positive deviations with increasing length of 
analysis period. This phenomenon’ was 
repeated in the analyses carried out on the 8 
other brands for which long time series were 
available. 

Since the overall fit of the BBD to the pur- 
chase frequency distributions did not indicate 
systematic deviations it is probable that some 
serial correlation is occurring in purchase inci- 
dence. This implies that the binomial process 
cannot be operating in a pure form for all cus- 
tomers. In general however the deviations are 
not large and the BBD can be said to provide 
an adequate model of purchase incidence. 


TABLE 3. THE FIT OF THE BBD PREDICTION TO OBSERVED 
PURCHASE FREQUENCY GROWTH RATIOS 





Lengih of analysis period n 
ti? 2. nar Ase re er is ae 





Observed 
WT/Wn 
Theoretical 


0.13 0.19 0.24 0.29 0.39 0.45 0.62 1.0 


0.13 0.18 0.23 0.28 0.36 0.44 0.59 — 
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TABLE 4. TYPICAL INDUSTRIAL PURCHASE SIZE DISTRIBUTION 
One year’s data for 56 industrial firms buying (and 141 
firms not buying) varying amounts of chemical plasticiser 





Purchase size (tonnes) Number of firms buying 





0 
—10 
—20 
— 30 
—40 
—50 
— 60 
—70 

70+ 
Total 





A MODEL OF PURCHASE SIZE 


In parallel with distributions of purchase fre- 
quency, distributions of purchase size are also 
highly skewed. A typical example is shown in 
Table 4. The skewness of purchase size distri- 
bution is well known. It has, for instance, led to 
the introduction of the so-called ‘20-80’ rule. If 
the distribution can be accurately modelled 
then an analytic expression of this rule can be 
developed [6]. 

A number of stochastic models have been 
put forward in attempts to explain the genesis 
of skewed distributions of this type which also 
occur for other economic variables such as 
income, wealth and size of firm ranked by 
sales, employment or assets. (See, for example, 
Gibrat [10], Kalecki [12], Champernowne [3], 
Sargan [13], Wold and Whittle [16] and Shor- 
rocks [14]). 

One of the simplest and most elegant is the 
log random walk. This stochastic process 
incorporates the following assumptions: 


(1) The process is time homogeneous 


(2) The Law of Proportionate Effect holds 


(3) The process is (first order) Markov. 


These assumptions combine to describe a 
process whereby the value of purchase size in 
any time period is determined by a time 
independent first order Markov process incor- 
porating the feature that this value is a random 
proportion of its value in a previous time 
period. In mathematical terms it can be de- 
scribed thus. 


If X, is purchase size at time t then 


Xia. = E,X, 

where the E, are serially independent, identi- 
cally distributed random variables independent 
of X,. Thus purchase size at time t + 1 is a 
random proportion of purchase size at time ¢, 
i.e. the law of proportionate effect holds. Since 
X,+, depends only on X, the process is first 
order Markov. The identical distributions of 
the random variables E, ensure that the process 
is time homogeneous. 

Starting from any value of purchase size Xo 
the long term results of this process can be 
quite easily demonstrated. 

Substituting we get 


X41 = Xo. E,.E2.E3...E, 
Taking logs 


1nX,4, = InXo + InE, + InE, + InE; +... + InE, 


In the limit as t— 00, InX,,, is the sum of an 
infinite series of serially independent, identi- 
cally distributed, random variables. By the 
Central Limit Theorem log X, is normally dis- 
tributed and therefore X, is lognormally distri- 
buted. 

The fit of the lognormal distribution to the 
empirical purchase size distributions proved to 
be very good. An example is given in Table 5. 

Other stochastic processes can be shown to 
generate limiting distributions of the right gen- 
eral shape and these distributions (LSD, Yule, 
Pareto and Gamma) were also compared with 
the empirical purchase size distributions. None 
approached the lognormal in goodness of fit. 
Formal statistical tests could not be used since 
the data were not randomly sampled. 

Clearly some alternative criteria for good- 
ness of fit are required. Two were chosen—the 
absolute size of the deviations of observed from 
theoretical frequencies and the irregularity of 


TABLE 5. AN EXAMPLE OF THE FIT OF THE LOGNORMAL DIS- 
TRIBUTION TO OBSERVED DATA 





Purchase size 
(log classes) 
metric tonnes 


Number of Firms Buying 
Observed Lognormal Deviations 





6.1 
6.2-7.2 
7.3-7.9 
8.0-9.2 
9.3-10.3 

10.4+ 
Total 
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their distribution. The latter is clearly the most 
crucial; systematic patterns of deviation sug- 
gest that alternative models might provide 
better fits to the data. The size of deviations, 
given an irregular pattern, measures the extent 
of the variation remaining to be explained by 
other variables not currently included in the 
model. To some extent it may be used to 
decide whether the model is worth employing 
at all. 

Using these two criteria the lognormal distri- 
bution was clearly the best fit in each case. 

While the limiting distribution of the log 
random walk does seem to adequately describe 
the empirical data it cannot be assumed that 
this stochastic model provides a good model of 
the underlying processes at work. Only by 
examining the process over time can any con- 
clusions be reached. One way of performing 
such an analysis is by examining transition 
matrices such as the one illustrated in Table 6. 

The transition states are defined in size 
ranges since purchase size is a continuous vari- 
able. The class intervals increase in log steps 
starting at 10 kg and increasing by a factor of 
10 up to 1000 metric tonnes, to ensure a 
reasonably wide dispersion of data points. Of 
the 217 customers in the sample, 50 bought in 
both quarter 13 and quarter 14 (repeat buyers), 
while 19 did not buy in the first period but 
bought in the second (new buyers) and 17 
failed to buy in the second period having 
_ bought in the first (lapsed buyers). 131 cus- 
tomers did not buy in either period (non 
buyers). 

The bivariate distributions of purchase size 
for some 115 repeat buyer transition matrices 
were examined and appeared to be well fitted 
by a bivariate lognormal model. This supports 


the view that the law of proportionate effect, in 
a particularly restrictive form, is in operation 
in these cases. However this result raises a very 
important problem. The log random walk pro- 
cess assumes a non zero purchase every period. 
For purchase size, unlike income, wealth or 
firm size, this is clearly not the case. 

In the matrix in Table 6, the new, lapsed and 
non buyers in the sample far exceed the repeat 
buyers, i.e. those buyers who have maintained 
a non zero purchase size in at least two 
periods. It can be shown empirically that only 
a small proportion of the sample remain repeat 
buyers for more than a few analysis periods. 

In effect purchase size is conditional upon a 
separate stochastic process and one for which a 
model has already been put forward, purchase 
incidence. While the underlying ‘demand’ may 
exist in a buying firm it may not be made 
manifest every period. Firms carry stocks and 
have order procedures which make purchase 
size and ordering two separate, though highly 
correlated, processes. 


THE MARKOV RESERVOIR MODEL 


It has so far proved impossible to provide an 
analytical solution to the problem of modifying 
the basic log random walk process to allow for 
differential and discrete event incidence. How- 
ever an alternative, though less rich, model was 
available. This is called the Markov Reservoir 
model and was tested on the data because it 
was felt that an integrated approach to the 
problem might prove more fruitful in the long 
run than a disaggregated one. Adelman [1], in 
a study of the size distribution of firms sug- 
gested that the problem of modelling exits from 


TABLE 6. TRANSITION MATRIX ILLUSTRATING PURCHASE SIZE CHANGES 
Purchase size data for two quarters for a single industrial brand of chemical additive 





Who made purchases in these size 
classes in Quarter 14 


1 


2 





Number of cus- 
tomers 

who made purchases 
in this size 

class in 

Quarter 13 


Total 
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and eniries into the body of extant firms could 
be solved by introducing the concept of a pool 
or reservoir from which firms are born and to 
which they die. In effect she proposed an ad- 
ditional ‘zero’ transition state which would be 
different in kind from the transition states in 
the body of the matrix. This effectively means 
that a customer purchasing in a given period is 
allowed not to purchase in the next period with 
a given probability. If a purchase is made the 
size of that purchase is determined by a condi- 
tional purchase size probability distribution, 
defined by a row vector of the transition 
matrix. 

The maximum likelihood estimates of the 
transition probabilities were calculated and 
tested for stationarity using the test proposed 
by Anderson and Goodman [2]. Thirty-nine 
time series of sufficient length were available 
for testing and in no case was the null hypoth- 
esis of stationary transition probabilities 
rejected at the 2.5% level. The Markov reser- 
voir model provides a good fit to the data. 
Tests of statistical significance were deemed to 
be appropriate here since the purchase data 
could be regarded as being members of a 
hypothetical population being generated over 
time by an underlying stochastic process. 

In qualitative terms, this model explains how 
the stable lognormal distributions of purchase 
size are maintained period by period. Though 
the distributions are similar the customers 
making up those distributions are different. 
The Markov reservoir model describes how the 
movements of customers from one purchase 
size range to another, or to the no purchase 
state, compensate for each other and result in a 
no change situation. 


DISCUSSION 


The Markov reservoir model describes how 
purchases of some standard industrial goods 
are made. It may also provide insights into the 
dynamics of industrial markets and certainly 
suggests areas for further research. 

The stable purchase size distributions are 
maintained at lognormality by means of a 
bivariate lognormal transition matrix for 
repeat buyers and univariate lognormal vectors 
for lapsed and new buyers operating into and 
out of a reservoir of non buyers. It would 


appear therefore that some form of the Law of 
Proportionate Effect is operating. 

Ignoring the problem, for the moment, of 
purchase incidence let us assume that we can 
measure the ‘demand’ for a product or brand 
within a buying organisation period by period. 
The Law of Proportionate Effect implies that 
this ‘demand’ will change as if subject to multi- 
plication by a series of random proportions. 
What mechanisms can be put forward to 
account for this possibility? 

One of the basic concepts in economics is 
that of derived demand. A change in demand 
at consumer level manifests itself in a change in 
demand for industrial goods after a time lag 
and by a variety of mechanisms. Demand from 
final buyers for different goods may be split 
between different manufacturers of consumer 
goods. This in turn may be converted into 
demand for a number of supplies ordered from 
a number of manufacturers of industrial goods. 
This pattern is even further complicated by the 
fact that one industrial good may be used to 
produce more than one consumer good and 
by the fact that several more stages may be 
involved. For example; iron ore— steel > 
screw — electric motor — washing machine > 
wholesaler — retail — final consumer. 

Actually plotting out these flows would give 
the impression of a number of streams joining, 
splitting and rejoining; in effect proportioning 
themselves among a different route. This in 
turn suggests that changes in these streams 
from period to period would produce a multi- 
plicative or proportioning effect on the derived 
demand measured in the industrial buying 
organisation. 

This is, however, in some senses a static pic- 
ture. There are many discontinuities in real life 
markets. Buying firms remove from or add 
products to their product lines or change 
product specifications. They also change sup- 
pliers or multi-source purchases. It is difficult 
to believe that changes of this order of magni- 
tude would not upset the basic workings of the 
Law of Proportionate Effect, if it operated by 
the mechanism proposed above. The Law is a 
model of growth and decline and not birth and 
death. 

Quandt [15], for example, has said in a simi- 
lar context: 


“In all likelihood the Law of Proportionate Effect oper- 
ates together with such complicated conditions on birth 
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and death as to be incapable of a pure test of the law 
itself.” 


These speculations suggest three major direc- 
tions for future research. The first two require a 
broadening of the scope of the research, the 
third a narrowing. The first research direction 
involves a lateral move; to study the patterns 
of buying for all brands in a market rather 
than just a single brand. The problems of data 
collection in this situation have already been 
mentioned but approaches to, for example, 
trade associations may allow access to unla- 
belled data bases collected for other purposes. 
An initial study of this kind has been carried 
out on a rather unsatisfactory sample of quasi- 
industrial data [7]. The results are similar to 
those obtained in consumer markets but the 
characteristics of the buyers may have been 
largely responsible for this. 

The second direction involves deepening the 
research focus. This would involve quantifying 
and modelling the streams of demand that flow 
vertically through an industrial system over 
time. The system and the products would have 
to be carefully chosen so as to limit the boun- 
daries of the study. 

Finally narrowing the research focus would 
require a study of the usage patterns of indus- 


trial products within a buying organisation 
rather than concentrating on purchasing pat- 
terns. 


These three directions have one feature in 
common. They are concerned with the dyna- 
mics of industrial markets rather than the buy- 
ing behaviour of individual organisations. It is 
naive to believe that market behaviour is a 
simple aggregration of the behaviour of the in- 
dividual units it contains. Markets have their 
own dynamics and it seems very likely that the 


efforts required to understand them will be 
quickly repaid in practical terms. 
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This paper addresses methodological issues currently confronting the management science commu- 
nity. The urgency of these issues is evidenced by [1] the growing debate over the implementability of 
MS/OR (Management Science/Operational Research) models, [2] the absence of professional 
agreement on a ‘generalized’ theory of organizational structure and control and [3] the dearth of 
substantive contributions in the area of ‘policy’ analysis and modeling. It is argued that any resolu- 
tion of these issues must address the management science process and that developments in cyberne- 
tics provide an integrating framework for this purpose. Aspects of this framework are presented by 
pointing out distinctions between the more traditional MS/OR approaches and the proposed cyber- 
netic approach. Some of the concepts involved are not always associated with cybernetics, but the 
implications for the practice of management science are significant. 


SELF-ORGANIZATION IN 
MANAGEMENT SCIENCE 


Ludwig Boltzmann thought that order was improbable. 
Norbert Wiener said in enclaves it is possible. 

But the tables were turned 

When Ross Ashby learned, 
Organization by selection is unavoidable. 


Cybernetics in management science 

With the continuing saga of the electronic 
computer and other automated technologies, 
the word ‘cybernetics’ has now reached the 
status of a household word. The association of 
the word with these technologies, however, has 
resulted in a very narrow usage. The connota- 
tions are limited to the simple concepts of feed- 
back circuits employed in the development of 
these technologies. In fact, ‘cybernetics’ is often 
used interchangeably with ‘feedback’ (e.g. a 
model which contains feedback loops is called 
a cybernetic model). This unfortunate associ- 
ation has led many to ignore some of the devel- 
opments in social and management cybernetics 
which involve concepts much richer than those 
of the feedback circuit. 





' Limericks by Stuart A Umpleby, Department of Man- 
agement Science, George Washington University, USA. 


As a fully-fledged science, cybernetics was 
born in the late 1940’s with Norbert Wiener 
[50] as its father. It was the work of Ross 
Ashby [8,9] in the 1950s and 1960s, however, 
that provided the necessary foundations for 
social and management cybernetics. While 
Ashby’s formulation was mathematical [10], 
the social and management applications to 
date have been documented primarily in 
expository form. In the social sciences, some of 
the contributions which have received wide- 
spread visibility for their explicit reliance on 
cybernetic principles include those of the an- 
thropologist—biologist-psychologist Gregory 
Bateson [12] and his colleagues [48, 49], Buck- 
ley [18], Deutsch [20], and Emery and Trist 
[22]. 

The best known work on applications of 
cybernetics to management has been that of 
Stafford Beer [13-15]. For his book Deci- 
sion and Control, Beer won the Lanchester 
Prize awarded by ORSA for the best English 
language contribution to the MS/OR (Manage- 
ment Science/Operational Research) literature. 
Beer chose to divide his thoughts on manage- 
ment into two topics: operational research and 
management cybernetics. While a tremendous 
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quantity of literary and practical contributions 
have been made under the cloak of operational 
research, very few can justifiably be considered 
contributions to management cybernetics. 
Some exceptions might include Emery [23], 
Hage [28], and the ongoing work of the Sys- 
tem Dynamics group at MIT under Forrester 
[25]. But this research has tended to use a very 
limited subset of the concepts available, namely 
those associated with feedback loops, ignoring 
some aspects of cybernetics which could have 
far-reaching implications for management and 
the management science process. 


The management science process 


The apparent lack of interest in management 
cybernetics can be partially explained by the 
prevailing social and economic incentives 
within which the management science profes- 
sion practices. These incentives have favored 
the production of mathematical and statistical 
models and computerized data analysis. In fact, 
the majority of competitive research contracts 
require proposals which state what the product 
will look like before the research is performed. 
The proposed process for developing that 
product is evaluated only for its likelihood of 
success. The narrow class of products for which 
incentives exist tends to preclude the proposed 
products of a management science endeaver 
from being a management process, or, for that 
matter, the management science process itself. 

As an analogy, a psychiatrist does not pro- 
mise his or her patient what the outcome of 
proposed therapy will be. In fact, the psy- 
chiatrist very likely does not know what the 
outcome will be. It is through doctor-patient 
interaction based on some underlying set of 
psychiatric principles which leads both parties 
to a mutual resolution of the problem. In this 
case, it is the process which is the real product 
of therapy. In comparison to professions like 
psychiatry, it is debatable whether manage- 
ment science as it is currently practised should 
be called a profession or an industry. 

Some practitioners who wish to influence the 
management process rather than simply build- 
ing models have been able to circumvent the 
economic incentives by proposing models 
which can only be developed and used with 
manager participation, accompanied by a 
change in the management process. This 


approach, however, often requires a substantial 
marketing effort, if not outright evasiveness. 
The notable exception is when a long-term per- 
sonal relationship with the sponsor has been 
cultivated. 

The point is that the potential contribution 
of cybernetics is as much in the management 
and scientific process as in the development of 
models. Furthermore, models derived from 
cybernetics tend to challenge preconceived 
notions about what ought to constitute an 
MS/OR model, namely that the model should 
include explicit objectives and a well-defined 
set of alternatives. These preconceived notions, 
i.e. the theoretical assumptions behind a model, 
are what limit the selection of models to be 
used. When a model is successfully imple- 
mented and accepted by management, the 
underlying assumptions behind that class of 
model are reinforced and enter the mainstream 
of the profession. Models which are not as suc- 
cessful are rejected from the mainstream. The 
incentives for future research and development 
are established in this way: more models are 
developed which expand on those that have 
been successful or which fall within those 
theoretical assumptions which have been 
accepted and reinforced. This reinforcing cycle 
leads to the organization of the profession, or 
more precisely the self-organization of the pro- 
fession (for there has been no intent on any 
outside individual’s part that the field be so 
ordered and limited). The result of self-organi- 
zation is increasing specialization and loss of 
flexibility in the classes of situations which can 
be treated. Evidence of this process in manage- 
ment science and operational research includes 
the current concern with respect to the limited 
content of the professional journals and the 
observed increase in specialization and loss of 
interdisciplinary focus in academic programs. 

Cybernetics provides a basic set of axioms or 
tenets which can serve as the theoretical foun- 
dations of large and very general classes of 
models. These models go well beyond those 
used to describe well-structured and predict- 
able technological processes. Well-structured 
processes characterize inventory and produc- 
tion systems, transportation and communica- 
tion networks, and queueing designs, for 
example, but do not include management and 
social processes, and the scientific and model- 
ing process itself. This more general class of 
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processes tend to be too unstructured and 
complex for traditional MS/OR models. 


THE EVOLUTION OF 
COMPLEXITY 


A scholar from Britain named Ross 
Found order where others saw chaos. 
“What's fit is selected. 
What's not is rejected. 
Variety's gained when it’s lost.” 


Historical perspective 


The birth of the MS/OR profession is gener- 
ally regarded to have occurred during the 
Second World War. The motivation behind the 
MS/OR approach was the realization that 
teams of individuals trained in a wide diversity 
of disciplines were more likely to generate 
insights and creative solutions to problems 
than were the same individuals working inde- 
pendently. The success of the approach is now 
on record. The particular problems of war 
technologies provided a favorable breeding 
ground for mathematical formulations. While 
the war mathematics had to be modified con- 
siderably for MS/OR to be extended to indus- 
trial applications in the late 1940’s and 1950's, 
the problems of industry were still compatible 
with techniques like linear programming; relia- 
bility, queueing, and inventory theory; and 
network analysis. As these techniques gained 
.popularity, the mathematical sophistication 
required of those desiring to enter the profes- 
sion increased. As mathematical sophistication 
increased, the demands made on _ students 
became more stringent. These demands limited 
the coursework and thesis topics that could be 
devoted to interdisciplinary studies. 

In the 1960's, the class of problems for which 
managers and administrators turned to the 
MS/OR profession for help became more 
complex. The bank of techniques available 
were obviously not always sufficient for treat- 
ing social, organizational and man-machine 
interface problems. The McNamara years in 
the Department of Defense, and the fiascos of 
the F-111 Fighter-Bomber and the Vietnam 
War itself serve as evidence. Attempts to apply 
techniques to public policy analysis have for 
the most part been ineffective. While “there is a 
great deal of modeling effort being supported 
by the Federal government,...much of this 


work ...(is)...not being utilized by the spon- 
soring Organization or associated decision- 
making unit” [26]. 

One response has been the development of 
new, more generally applicable techniques that 
rely more on managerial judgment as a source 
of information than on an historical data bank. 
In this class of techniques are system dynamics 
[4], cross impact analysis [19], various Delphi 
techniques [33], digraph analysis [40], and uti- 
lity theory [30]. A large literature is also evolv- 
ing on the multiple criteria problem. Perhaps 
the work which best exemplifies the current 
state of practice in MS/OR is the 1976 Lan- 
chester Prize winning book by Ralph Keeney 
and Howard Raiffa, Decisions with Multiple 
Objectives [30]. In this extremely well-written 
book, Keeney and Raiffa clearly identify the 
class of problems they are addressing: namely, 
problems assuming a single decision maker, a 
given set of viable action alternatives, objec- 
tives which are comparable on a utility scale, 
the identification of the significant conse- 
quences of each alternative, and the assign- 
ability of subjective probabilities to each conse- 
quence [pp. 5-7]. 

The 1970's, however, continue to be a period 
of unrest and reappraisal in the MS/OR profes- 
sion. While the proliferation/specialization of 
technique has provided a variety of tools for 
handling many different problems, it has also 
reinforced the theoretical assumptions and pat- 
terns of thought behind those techniques. The 
result has been a reinforced limitation on the 
variety of problem classes which can be 
addressed. Furthermore, with the correspond- 
ing evolution of professional incentives (mone- 
tary, academic, etc.), breaking with the main- 
stream to attack more complex problem classes 
grows increasingly uninviting. The point the 
profession is at now, however, is one where the 
viability of the MS/OR approach is threatened 
by its inapplicability to the unstructured, 
often ‘irrational’, policy issues facing both 
public administrators and private entrepre- 
neurs. 


Three methodological issues 


One explanation for the shift in interest to 
the more complex policy problems is a realiza- 
tion on the part of some professionals that the 
specialized and structured techniques available 
did not solve the real problem. In fact, such 
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‘solutions’ have often been observed to compli- 
cate the problem further or create other, more 
serious problems. The implementation of 
sophisticated management information systems 
is a case in point [3, 5]. Often, implementation 
is terminated before any serious damage can be 
done, usually to the dismay of the MS/OR con- 
sultants. Complicating the situation even more 
is that management is often unable to express 
the reasons for its scepticism. As Argyris and 
Schon [6, p. 65] report from a case study: 


“... when the models were presented, even though they 
met the clients’ requirements, they were resisted for 
reasons that had little to do with the techniques 
involved. The response seemed irrational to the profes- 
sional. What sense does it make for executives to resist 
the very models they have requested?” 


The first methodological issue then is how to 
incorporate managerial style and intuition into 
MS/OR models and more specifically into the 
process of constructing those models. 

Closely associated with this issue is the need 
to incorporate organizational structure and 
style into the MS/OR process. But there is little 
agreement on a theory of organization. Lit- 
tauer, et al. put it well when they stated 
[34, p. 43] 


“There is much written about organization without 
explicitly defining what is meant by the word. We have 
been puzzled by what we have read and have found very 
little consensus among different writers’ views. There 
seems to be too little in the way of general theory or in 
expression of concepts operationally defined.” 


The majority of MS/OR techniques are 
designed for technical management as opposed 
to institutional and administrative manage- 
ment. If MS/OR methods are to be developed 
for dealing with the complex issues which these 
higher levels of management must resolve, 
organizational structure and control consider- 
ations must be addressed. 

Finally, then, there is a need for MS/OR 
models which treat the highly unstructured and 
complex situations which are usually referred 
to as policy issues. A policy issue represents a 
situation of unresolved conflict. This conflict is 
usually not limited to disagreement over the 
selection of a best course of action; it also 
includes differences in perceptions of the rela- 
tionships involved and of the feasibility of 
available alternatives. The word ‘problem’ 
typically refers to a discrepancy between the 


perception of a current situation and the 
desired situation. The word ‘issue’ refers to dis- 
crepancies over what the problems really are. 
The solution of problems can be handled with 
traditional MS/OR tools. The resolution of 
policy issues, except in a totally authoritarian 
organization, involves a group process and 
social choice. Arrow [7] and others have 
exposed the dilemmas of social choice: 
“Assumptions which we found hard to reject as 
rational for a single decision-maker become 
not only dubious or unrealistic, but logically 
impossible when applied to groups.” 
[17, p. 224] In the closing chapter of his book, 
Making Decisions, Lindley [32, p. 165] observes: 


It is a major deficiency of the method of decision-making 
described in this book (or of any other method known to 
me) that it does not offer a precise solution to either the 
committee or the conflict situation... The provision of 
such a method is one of the greatest needs of our time.” 


To summarize, currently available MS/OR 
models are not easily applied to complex 
policy issues. The models needed must incor- 
porate considerations for group decision-mak- 
ing and for organizational relationships. At 
least part of the explanation for the resistance 
to implementation of well-structured models is 
their incompatibility with the policy-making 
process. The need is for less structured, more 
generalized models. The implementation of this 
type of model, however, requires a shift from 
an emphasis on the product (i.e. the model) to 
an emphasis on the process (i.e. the construc- 
tion of the model). 


NEW DEVELOPMENTS 
IN CYBERNETICS 


At first it seemed easy to swallow; 

Post facto some theorems seem hollow. 
But the fact that regulation 
Requires information 

Is a thought from which many can follow. 


A generalized notion of relationship 


If a less structured approach to modeling is 
needed in treating complex systems, a more 
generalized notion of relationship is also 
necessary. Figure 1 depicts a sequence of 
increasingly generalized relations. (a) is the 
monotonic function. (b) is the convex or con- 
cave function. (c) is any function. (d) is a con- 
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Fic. 1. Types of relationships in order of increasing generality. 


vex set. (e) is any set. A generalized definition 
of relationship, then, is “any set of ordered 
n-tuples which represent possible states of a 
system” as represented in Euclidean n-space 
(see Ashby [10]). The degree of structure of a 
relationship can also be quantified. Figure 2 
shows three relationships between two vari- 
ables each of which can take on three values. If 
all x, y combinations are possible there is no 
structure. If all but one state is possible, the 
relationship exhibits minimum structure. If 
there is one and only one x for each y and vice 
versa, the relationship possesses maximum 
structure. Each shaded block represents the 
presence of that x, y pair in the relation set. 
The amount of structure can be quantified in 
terms of the information measures of Shannon 
and Weaver [47]. In terms of information con- 
tent, however, the Shannon—-Weaver formula- 
tion does not take into consideration the 
amount of ‘meaning’ in a relationship. The 
meaning contained in a relationship will vary 
from individual to individual and is, therefore, 
context dependent. It depends on the current 
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knowledge of the individual and on the rele- 
vance of the dimensions upon which the rela- 
tionship is defined. Consideration of the mean- 
ingfulness of a relationship requires reference 
to the individual perceiving it. The implication 
is that a relationship with less structure can 
contain more meaningful information than a 
more structured relationship depending on the 
relevance of the variables selected. But com- 
mon practice in quantitative analysis is to 
select variables based on the availability of pre- 
cise and ‘objective’ measures. The variables 
which tend to be most relevant to complex 
policy issues are the ambiguous and subjective 
ones. 

Most deterministic MS/OR models, such as 
mathematical programming, require a func- 
tional relationship (e.g. the objective function). 
Multiple objective programming techniques 
involve a set of objective functions, but the 
resolution technique very often assumes that 
the conflicting objectives are sufficiently inde- 
pendent to permit the assignment of weights to 
each objective individually. Only with the 
introduction of interactive techniques do the 
models begin to address the higher-order inter- 
actions between mutually interdependent 
objectives and variables which render the func- 
tional representation inadequate. In the inter- 
active mode the user searches until he finds a 
satisfactory solution (or set of solutions). How- 
ever, whether ‘optimal’ should be applied 
to the result is doubtful. But, the interactive 
techniques available have not yet adequately 
addressed group conflicts. 

Stochastic MS/OR models represent an 
attempt at treating a more generalized relation- 
ship. But the probability distributions required 
by these models are themselves functional. The 
development of these relationships through 
Statistical frequencies of events limit their 
applicability to systems which exhibit repetitive 
behavior and of which some historical experi- 
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ence is available. Furthermore, these models 
treat only secondary uncertainty, i.e. uncer- 
tainty in the probability distributions of poss- 
ible outcomes. Dror [21] argues that policy 
issues are more often than not characterized by 
primary uncertainty, i.e. uncertainty in the 
dimensions of the possible outcomes. 

Developments in cybernetics are now 
addressing the generalized relation. Ashby 
recognized early that control was much more 
than the linear feedback circuits familiar to 
electrical engineers. He explicated the genera- 
lized case in two seminal papers [10,11]. But 
his greatest contribution is probably the law of 
requisite variety, which remains today the most 
generalized statement of the requirements for 
regulation. The law states simply that “only 
variety can destroy variety” [8]. In other 
words, the information required by manage- 
ment to perform its functions must reduce the 
variety of that which it is managing to a point 
where it matches the variety of responses avail- 
able. The role of the management scientist is to 
assist management in acquiring the requisite 
information, either by developing analytical 
models or by facilitating the management pro- 
cess. The management science process should 
involve both, and as the models become less 
structured more emphasis needs to be placed 
on the latter. 

Recent trends in MS/OR are recognizing the 
need for more generalized relationships in 
management models. Two contributions stand 
out. Fuzzy decision-making as developed by 
Bellman and Zadeh [17] is an implicit recogni- 
tion that primary uncertainty exists and that 
relationships are not always well-structured. 
Fuzzy uncertainty is uncertainty with respect 
to whether system states are members of the set 
of possible outcomes, as opposed to uncer- 
tainty with respect to the probability of the 
outcomes. Fuzzy set theory is being used to 
bridge the gap between the qualitative amibi- 
guity of linguistic variables and the need for 
quantitative analysis. Ackoff [1,2] has gone a 
step further and proposed a totally qualitative 
approach in the management science process. 
His ‘idealization’ procedure, for example, 
requires that management arrive at a con- 
sensus On a qualitative description of an ideal- 
ized ‘future’. The problem with this approach is 
that the ambiguity associated with the linguis- 
tic variables typically used to express ideals 


(beauty, justice, truth, etc.) is so great that there 
is little ‘meaning’ in the process. As soon as 
concrete goals are introduced, the consensus 
breaks down. 

Another recognition of the need for more 
generalized models is in the area of manage- 
ment information systems. Vazsonyi [45] has 
suggested the need for the more general mathe- 
matics of set theory, graph theory, and topo- 
logy. His work [44] and others [35] with Petri 
nets is an example of a modeling approach 
which is more general than that of other 
network models. 


Homeostasis vs morphogenesis 


Another focus of modern cybernetics, par- 
ticularly biological and social cybernetics, is on 
morphogenesis as opposed to homeostasis. 
Homeostasis is the process by which selected 
variables are maintained within certain limits. 
It is, therefore, an error detecting and correct- 
ing mode of control. Morphogenesis, on the 
other hand, is a deviation amplifying process 
that results in a transformation of system struc- 
ture. The implication is that relationships 
between variables describing a social system 
are not static but continually changing. These 
changes occur not only as a result of changes 
in technology, organizational forms, and group 
processes but also as a consequence of the evo- 
lution of knowledge and value systems which 
represent the fabric of human culture. 

Morphogenesis implies more than transfor- 
mation of structure; it also implies growth in 
structure. This growth in structure is reflected 
in the self-organizing properties of social sys- 
tems. We have already discussed it in the con- 
text of the theory and practice of management 
science. It is also apparent in the growth in 
size, quantity of rules and procedures, speciali- 
zation, and centralization of bureaucratic or- 
ganizations. Krippendorff [31] has generalized 
this phenomenon in the form of a law: “Any 
communication process, once initiated and 
maintained, leads to the genesis of social struc- 
ture.” This may well provide a point of depar- 
ture for the theory of organizations needed for 
the MS/OR process. 

The implication for management science is 
that techniques become obsolete, solutions are 
never permanent, and that both management 
processes and the management science process 
itself do and must evolve. One of the short- 
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comings of some of the cybernetic models 
being espoused is that they are based on 
homeostatic assumptions. System dynamics, 
while a very powerful tool when relationships 
can be expressed as difference or differential 
equations, generally requires a tremendous 
quantity of detail in order to sufficiently 
account for the causes that predict the effects. 
Recently, Forrester [24] has stated that the 
value of system dynamics is not as much in its 
predictive capability as in its ability to high- 
light what could occur if no changes in the 
basic relationships were experienced. These 
changes, of course, do occur through both 
human intervention and natural evolution. 
Beer’s ‘Brain of the Firm’ [14] is also based 
on homeostatic assumptions. For Beer to 
acquire the detail needed to satisfy these 
assumptions, he proposes a centralized infor- 
mation system comparable to the human cen- 
tralized nervous system. Two fallacies are 
apparent in the analogy. First, the success of 
the human nervous system is made possible by 
a tremendous amount of redundancy. Millions 
of nerve cells die every day. This redundancy is 
not available in social systems. Second, the 
human nervous system maintains homeostasis 
only for a limited period of time. Eventually it 
wears out and the body dies. Social organiza- 
tions need not be destined to such a predict- 
able fate. The more generalized approach to 
regulation as implied in the law of requisite 
variety suggests that diversification and decen- 
tralization offer an alternative. These forms of 
organization accomodate the evolution of ideas 
and values. They certainly do not preclude the 
failure of the organization, but by allowing that 
failure to evolve naturally they guard against 
the violent social upheaval that the failure of a 
large, centralized organization could have. 
These ideas are expanded in another paper 


[38]. 
Self-reference 


Perhaps the most exciting new work in 
cybernetics has been on the subject of self- 
reference. This has been a topic that has in- 
trigued thinkers from the time of the early 
Greek philosophers to the present day. It is 
also a subject that has plagued social scientists 
in trying to maintain the vantage point of an 
‘objective’ observer. The recent interest in self- 
reference has been dubbed ‘second order cyber- 


netics’ and has occupied much of the efforts of 
Heinz von Foerster [46] and Gregory Bateson 
[12]. A calculus for self-reference has been de- 
veloped by Varela [43], extending the mathe- 
matics of Spencer Brown [42]. 

The significance of self-reference for manage- 
ment science is that the selection of and the 
relationships between policy variables must be’ 
derived from judgemental information. Histori- 
cal or experimental data are not sufficient. It is 
the perceptions, beliefs, and values of the indi- 
viduals with a stake in the system that 
determine which variables are most relevant 
and what the possible combinations are. The 
policymaking function is one of reconciling dif- 
ferences in these subjective assessments. Like- 
wise, in the management science process the 
MS/OR consultant must reconcile his assess- 
ments with those of his clients. The role of the 
management scientist shifts from that of the 
‘objective’ observer to one of an active partici- 
pant in the process. The ‘material’ of the man- 
agement scientist also shifts from that of goals 
and objectives to that of values and con- 
straints. Furthermore, optimality in the tradi- 
tional sense of the word loses its significance as 
an appropriate concept. 


IMPLICATIONS FOR THE 
MANAGEMENT SCIENCE PROCESS 


Once a British seer named Ashby 
Viewed the world with equanimity. 
“I have no complaints 
For I know the constraints 
Are what tell us what can and cannot be.” 


The role of the management scientist 


The role of the management scientist implied 
by cybernetic strategies has been discussed 
throughout this paper. As an active participant 
in the management science process, the 
MS/OR consultant shifts his focus “from that 
of solving the organization’s problems to that 
of assisting the organization to solve its own 
problems.” [39] In this context, the contribu- 
tion of the management scientist may not be 
easily measureable in terms of increased profits 
or market share. The benefits from his/her con- 
tribution occur over an extended period of 
time and in subtle ways. That should not deva- 
lue them as a contribution, but is does chal- 
lenge the incentive system within which the 
profession currently operates. 
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In a recent project in which I was involved, a 
team of researchers was asked to develop a 
management indicator system for a major 
office in the Department of Defense [27]. 
When the change in administrations occurred 
in 1977, the slate of projects being performed at 
the subject firm was wiped clean and a new 
slate established. With the project uncompleted 
and little hope for revival, the team decided 
that the completed work could still provide a 
valuable framework for generating discussion 
on what had proved to be some very difficult 
conceptual and empirical issues. Presentations 
were made to Deputy Assistant Secretaries of 
Defense, Air Force, and Navy, Generals, 
Admirals, and others. The impact of the discus- 
sion generated cannot be anticipated, 
measured, or even estimated. But irrespective 
of the delivery of a final ‘product’, a contribu- 
tion to the management ‘process’ was made. 
When dealing with ‘wicked’ problems, this type 
of contribution often has as much if not more 
value than the product itself. 


The role of the MS/OR model 


A cybernetic strategy would assign more sig- 
nificance to the MS/OR process and its inputs 


than to the outputs of MS/OR models. The 
model would serve primarily as a vehicle to 
facilitate communications between the various 
individuals and groups comprising an organi- 
zation and its environment. The development 
of the model structure provides a frame of 
reference whereby conflicting perspectives and 
opinions can be examined; the knowledge and 
values of individuals with different back- 
grounds and interests can be _ integrated. 
Through improved communications, problems 
are identified, creative alternatives are exposed, 
new information is made available, and inno- 
vation is facilitated. Because these models need 
to be understood by the individuals using 
them, their structure must be kept relatively 
simple. While the mathematical treatment of 
the generalized relationship can become very 
sophisticated, the model structure is usually 
easy to display pictorially (e.g. bipartite graphs, 
constraint maps, fuzzy graphs, hierarchies, 
state transition matrices, etc.). This form of 
model tends toward the ‘quick and dirty’ var- 
iety; but a cybernetic strategy stresses that 
their selection be based on sound methodologi- 


cal foundations and not merely on their sale- 
ability. 

The development of models which can assist 
in the formulation of policy, and in the man- 
agement of social and sociotechnical systems, is 
in my opinion one of most pressing research 
needs in the MS/OR profession. Channels of 
communication need to be developed which 
can accomodate the type of information most 
relevant to policy-making; information of a 
judgemental, intuitive, and otherwise subjective 
nature. The channels of communication cur- 
rently relied on for this informal type of infor- 
mation include memoranda, telephone calls, 
committee meetings, and personal visits. These 
channels are used with differing degrees of 
effectiveness by different managers; but even 
some of the best managers in large organiza- 
tions have difficulty finding the time to exploit 
adequately the information potentially avail- 
able. Experiments with computer conferencing 
[36] are encouraging as an alternative channel 
of communication in large and geographically 
dispersed organizations. If the processing capa- 
bility of the computer is to be fully utilized, 
however, methodological instruments need to 
be developed which can better solicit, integrate, 
and analyze information of this informal type. 

Methodological instruments compatible with 
a cybernetic strategy will most likely be 
oriented toward identification of system con- 
straints rather than objectives. Constraint de- 
scription as the model focus accomodates the 
inclusion of considerations like requisite var- 
iety, structural transformation, values and self- 
reference [38]. The importance of this perspec- 
tive has been’ recognized by some 
[47, pp. 110-111]: 


—The selection of a metapolicy is a behavioral function. 
—The purpose of policy is to influence human behavior. 
—Policymaking is a behavioral process. 

—Policy implementation is a behavioral process. 


For all these reasons, it is appropriate to 
turn to behavioral issues involved in policy- 
making. Perhaps the most powerful way to 
approach such issues is in terms of constraints 
on human behavior. 


The term ‘metapolicy’ refers to ‘higher order’ 
guidelines for the evaluation and selection of 
policies, i.e. policy about policy. The concept of 
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metapolicy is needed for addressing self-refer- 
ence and structural transformation. Only by 
transcending the subject-object relationship 
can the inherent paradoxes, contradictions, and 
intransitivities of conflicting value systems, 
subjective and ambiguous communications, 
and group decision-making be appropriately 
addressed. The resolution of these issues 
requires more than an examination of the 
values of system variables; it requires an 
assessment of system structure. Policymaking 
and organizational control problems tend 
toward the class described by Watzlawick et al. 
[49, p. 38] 


“...cases in which first-order change...is incapable of 
effecting the desired change, because here the system’s 
structure itself has to undergo change, and this can be 
effected only from the second-order change level ... The 
attempt to effect first-order change under these circum- 
stances either greatly contributes to the problem which it 
is supposed to solve, or actually is the problem.” 


An orientation to system structure and con- 
straint, however, presents validation problems 
for the model builder. In order to achieve the 
structural generalization needed, precision in 
parameter measurement and estimation must 
be sacrificed. Model validation must become a 
process of demonstration, acceptance, and im- 
plementation rather than one of verification of 


the model’s predictive power. The primary role 
of the model is not prediction; the model is a 
tool for providing a better understanding of the 
structural characteristics of the system and for 
integrating diverging perceptions and prefer- 
ences attributed to that system. Keen suggests 
a ‘hybrid approach’ [29, p. 52] 


“.., what the rational model views as faults, the hybrid 
approach accepts—decision makers’ inability or unwill- 
ingness to provide explicit definitions and objectives, 
limited awareness and need for simple questions and 
feedback.” 


Despite the calls for a more process-oriented 
approach in management science, however, 
cybernetic concepts have not been exploited to 
a degree that even closely approaches their 
potential. The power of the ‘new’ cybernetics is 
in its ability not only to provide insights into 
decision processes but also to provide insights 
into the management science process itself. 
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Indifference mapping uses multi dimensional scaling techniques to allocate multi criteria policies to 
points in a space based on an input which consists of those pairs of policies which are equally 
attractive. The paper takes sets of policies for each of which a single value has been pre-assigned and 
maps them in two dimensions by applying a probability law to the assessment of indifferent pairs. 
The paper shows that the maps can be used both to deduce the original value of each policy and can 


also deduce the probability law which was applied. 


INTRODUCTION 


CONSIDER A ROOM full of people at a cocktail 
party. Suppose we wish to place everyone, as 
far as possible, near those of approximately 
equal weight. If our concept of ‘approximate’ is 
very strict, if we can weigh accurately, and if 
there is a smooth gradation of weights, then we 
shall, in the limit, have the party goers standing 
along a single dimensional curve with the 
heaviest at one end and the lightest at the 
other. 

As these first two conditions become relaxed, 
then so long as the smooth gradation remains, 
we would expect the configuration to move 
away from the single dimension to an ellipse or 
some other ‘thickness’ configuration where the 
thickness might be taken as a measure, inter 
alia, of our fuzziness in assigning weights to the 
party goers. But we might still expect to find 
the heaviest and lightest among the groups at 
opposite ends. If the gradation of weights is not 
smooth then we would expect, for example, the 
whole group to split into two sub groups with 
the same properties. 

This one dimensional criterion can be 
extended to considerations of more dimen- 
sions. We might try to place next to each other 
those whom we like (approximately) equally or 
who are (approximately) equally good looking. 
Both of these are multiple subjective assess- 


ments but we might still expect our most or 
least preferred (or good-looking) guests to be at 
opposite ends. 

Such thoughts have led to the development 
of indifference mapping for multiple criteria 
decision making. The basic algorithm is that of 
multiple dimensional scaling (MDSCAL) first 
formulated by Kruskal [5, 6]. This is a method 
of taking as input a set of points P,, P,...P, 
in a space for which a given rank order of the 
distances between all the n(n-1)/2 pairs is 
required. MDSCAL is an iterative procedure, 
starting with a random configuration of the n 
points, in a space of the number of dimensions 
required, which by a series of steps produces a 
configuration giving the required rank order of 
paired differences, as closely as possible. Such a 
process requires both an objective function and 
a way of treating ties. These are discussed in 
Kruskal [5,6] and in a note by Kendall in 
Rivett [8]. 

Kendall has applied and developed this in a 
number of ways [2,3]. An important concept 
has been the demonstration that what is meant 
by ‘distance’ in MDSCAL can be treated 
robustly. Consider for example, the 48 states of 
mainland USA. If a distance of 1 is given to 
pairs of states which abut, a distance of 2 to 
pairs which while not directly abutting are 
each abutting to a common third state and, 
finally, a distance of infinity to all other pairs, 
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then from such crude input, with a large 
number of tied distances, MDSCAL, using 
Kendall’s tertiary treatment of ties, produces a 
map of the USA which is accurate topologi- 
cally. Kendall has applied these methods to a 
variety of archaeological problems (for a fasci- 
nating account of mathematical methods in ar- 
chaeology see Kendall, Hodson and Tautu [4]) 
and Rivett [8, 9] has used the approach to pro- 
duce maps of multiple criteria policies. As 
described elsewhere the method requires the 
policy maker to look at all pairs of the list of 
policy options and to list those pairs of policies 
for which he feels no strong preference either 
way. These pairs are treated as abutting states 
of the USA. That is the distance between any 
pair of policies (A,B) is only allowed to be one 
of three possibilities: 


(a) A distance of | if the pair of policies is one 
for which the decision maker feels no 
strong preference either way 


(b) A distance of 2 if the pair is such that while 
(A,B) does not fall into category (a), never- 
theless there is at least one other policy C 
such that (A.C) and (B,C) are both in cate- 
gory (a). 


or 


(c) A distance of infinity for all other policies 
(A,B) which are in neither category (a) or 
(b). 


Using Kendall’s tertiary treatment of ties (see 
note by Kendall in (3)) maps are then drawn in 
which it appears that most preferred and least 
preferred policies are thrown to the polar 
extremities. 

It is interesting that this should occur with 
such weak input data and it is important to 
note two properties which are essential: 


1. Two policies can be equally attractive while 
being quite different in their results. 


2. If A, B, C are three policies, then A ~ B and 
B~C does not necessarily imply that 
A ~ C. In fact, if such transitivity always 
applies, the method collapses just as would 
the cocktail party guests coalesce into one 
solid group if A approximately same weight 
as B, and B approximately same weight as C, 
implies A approximately same weight as C. 


This breaking of the transitivity axiom (an 
axiom which causes concern in utility theory) is 
of basic importance to the mapping method. 

As stated in Rivett [9] if a policy P; can be 
expressed in terms of its degrees of attainment 
x;; of each of a set of goals G; (j = 1 to m) and 
if there is a preference ordering of the P; (i = 1 
to n) then there is an infinity of transformations 
of the {x;;} for each i, producing an index X; 
such that the X; are in the ‘correct’ rank order. 
The implication of this, as a surrogate for what 
goes on in our minds when we make a prefer- 
ence statement, is obvious. It is interesting that 
other methods of approaching this problem, 
for example utility, cost benefit, mathematical 
programming, all produce single indices, but 
do so by breaking down a total policy into its 
component results and then, in some sense 
adding them up. The method proposed in this 
series of papers also produces a single index 
(the position on the map measured along its 
principal axis) but does so while preserving the 
integrity of the total policy. 


THE PRESENT SET OF 
EXPERIMENTS 


There are two reasons for studying, as this 
paper does, the one dimensional case. Firstly 
for the reason of the transformation discussed 
above, and secondly that if a method is going 
to work in the multi-dimension case it must, of 
necessity, work for one dimension only. The 
experiments fall into two parts. In the first part 
we take a set of policies, assign a single value 
to each and by assigned probability laws state 
which pair of policies are indifferent. The map- 
ping process is then applied and we examine 
the relation between position of the policy 
points along the principal axis of the (two 
dimensional) map. In the second part we exam- 
ine the possibility of estimating the probability 
laws from the maps. 


THE RELATION BETWEEN MAP 
POSITION AND SINGLE VALUE 


Consider a set of twenty policies P; (i = 1 to 
20) each of which can be expressed in terms of 
a single value V;. An observer considers each of 
the 190 pairs and is asked to note those pairs 
for which he does not feel a strong preference 
for one over the other. Assume that the possi- 
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bility of such a preference being felt is a func- 
tion of the difference of the two values, 
V;;=|V; — V;|. There will be two kinds of 
error, corresponding to the statistical errors of 
the first and second kind. Firstly, the observer 
may not feel indifferent when V;; is small, or he 
may assign an indifference when Vj; is large. 
What we are concerned with in general might 
be 


(a) The value of V;; for which there is a 50% 
chance of an indifference being assigned 


(b) The extent to which internal contradictions 
can be generated, for example (V; & V;), (V; 
& V,) being assumed respectively indifferent 
and not indifferent, although V;; > Vu. 


Such concepts can be dealt with by applying a 
law such as, the probability of P; & P; being 
thought indifferent 


_ ¢* exp{(t — n)?/07} 
ip i, 20 


y 


where p will be the value of V;,; referred to in 
(a) and o? is an indication of the internal 
contradiction potential of (b). 

We have therefore constructed a series of 
tests for three sets of twenty values of V; each 
ranging over the scale 00-100 in which the dis- 
tributions of the V; are respectively rectangular 


(R), normal (N) and U shaped (U). These corre- 
spond to cases in which the policies are 
roughly equally spread in attractiveness; there 
are relatively few ‘good’ or ‘bad’ policies with a 
lumpen group in the middle; and where there 
are a number of ‘good’ and ‘bad’ policies with 
few in the middle ground. The sets of {V;} are 
given in Table 1. We have applied a number of 
probability laws, designated by (yc), and a test 
of (say) the rectangular set by the law (10,15) is 
referred to as R(10,15). Where there have been 
further tests these are referred to as R(10,15) 
(a), and R(10,15) (b) etc. 


The set of tests was: 
R (10,5); (10,15); (220,5); (20,15); (20,25): 
(30,5); (30,25) 
N (10,5); (10,15); (10,25); (20,15); (20,25) 
U (10,15); (10,25); (20,5); (20,15); (20,25); 
(30,5); (30,15) 


For each of these 25 tests we proceeded as 
follows. All the 190 differences in values of each 
of the pairs P; P;, i.e. |V; — V;| = Vj; were cal- 
culated and each difference was compared with 
a separate random number from the appro- 
priate probability law (u,0). If the V;; was less 
than this number, P; & P; were assumed to be 
indifferent. This gave a set of indifferences 
(links) for the pairs of {P;} and using this as 
input a map in two dimensions was produced 


TABLE |. CORRELATIONS OF V AND Y AND POLAR EXTREMES OF MAPS 





R: Values of points (V;); 97, 92, 84, 82, 74, 70, 68, 60, 55, 53, 48, 42, 36, 28, 27, 26, 15, 12, 06. 04 

N: Values of points (V;); 100, 90, 84, 81, 76, 69, 67, 65, 60, 59, 58, 50, 46, 42. 39, 36, 28, 19, 01 

U: Values of points (V;): 99, 97, 94, 90, 85, 70, 62, 54, 48, 42, 33, 28, 25, 20, 14, 09, 05, 03, 02 
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as shown in Rivett [8]. In order to ease the 
comparisons, the (V;) within each set U, N, R 
were put in rank order (P, being the greatest) 
and hence one hopes that the maps will throw 
points such as P,, Pz, P3 to one end and Pg, 
Po, Px. to the other. The extent to which 
these hopes were realised is shown in the maps 
themselves, Figs 1 to 19. The maps are all 
drawn with the principal axis vertical and it 
can be seen that the form of distribution, (R, N 
or U), of the {V;} can be indicated by turning 
the maps so that the principal axis runs from 
left to right and looking at the horizontal dis- 
tribution of the P; (i.e. the distribution along 
the principal axis). If we denote the vertical 
distance of P; along the principal axis by Y;,, we 
then correlated V; with Y; within each of the 
runs. Table 1 shows these correlations: 

The following points should be borne in mind: 


(i) ‘Stress’ can roughly be described as the 
‘goodness of fit’ of the maps to the 
required rank ordering (see Clarke & 
Rivett [1]) and also Kendall’s note in 
Rivett [8]. A low stress means a good fit, 
according to Kruskai’s objective function. 


The extreme points listed on the right are 
the top and bottom groups moving 
inwards from the ‘best’ end (low i) to the 
‘worst’ end (high i). Hence the perfect- 
answer would be 1,2,3,4; 17,18,19,20. 


For each run there were three maps drawn 
each from a different random starting con- 
figuration. In almost all cases the three 
resulting maps (after 50 iterations) were 
very similar. In these cases the minimum 
stress map has been selected. In a limited 
number of cases, R(10,15), N(10,5) and 
U(10,15), the minimum stress map was 
stuck at a local optimum in which the 
main direction of the map was of a ‘fish 
hook’ type (see Fig. 20), and in this case 
the lower stressed of the two other maps 
was selected. In practice as Kendall has 
indicated elsewhere, ‘fish hooks’ are not 
uncommon where one is plotting a single 
variable, that is where the second dimen- 
sion will not carry any extra information. 
In practice a good indication of the par- 
ticular map to be selected is well given by 


the most common terminal map rather 
than the stress figure itself. 


For some runs, the maps were generated 
by taking a second (or third) run with a 
fresh set of probability links. This was to 
check whether the assignment of the in- 
difference links from the probability law 
was sensitive in determining the shape of 
the maps and of the extreme (polar) 
groups. This was not the case and conse- 
quently only one map is given for each 
case. 


There is a 0.50 probability that the maps 
will be drawn with the ‘best’ points at the 
top end corresponding to the high Y 
values. Hence about half the correlation 
coefficients were negative but the sign has 
been omitted in the table. As was shown in 
Rivett [8] in any practical case it is clear 
to the observer by inspection which is the 
better and which is the worse end of the 
map. 


CONCLUSIONS FROM FIRST PART 
OF STUDY 


The striking effect is the high correlation 
between the Y value and the original V. It 
appears that by going through the process of 
indifferences it is possible to obtain very good 
surrogates for the V, which may only be known 
subconsciously. This applies even in the most 
difficult cases—high yp and high o. (As a separ- 
ate test we correlated the r value with the stress 
in order to check whether a map with a ‘good 
fit’ to the input data (i.e. low stress) gave a 
better relation between Y and V. For the cases 
R, N, U the correlation coefficients were, re- 
spectively —0.83, —0.98 and —0.58. There 
might therefore be some indication of such a 
relation occurring). 

We tentatively propose that if the set of (un- 
known) single values V corresponds to the 
index referred to at the end of the introduction, 
then we can estimate them by the Y, by going 
through the process of indifference mapping. It 
might therefore be that we have here in the Y 
values an alternative to utility or cost benefit 
analysis, but which stems from a radically dif- 
ferent concept. 
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ESTIMATION OF THE 
PROBABILITY LAWS 


So far we have shown that the Y values can 
be taken as surrogates of the V, irrespective of 
the probability law. The next stage is to 
enquire whether the maps themselves yield any 
information about the law used; or, to return 
to the cocktail party analogy, we have shown 
that disposition along the axis is a surrogate for 
weight, but can we use the location of people 
about the axis to suggest the fuzziness of the 
measurements of weight or what is meant by 
‘approximately equal weight’? 

The hint is given in the high correlation 
between Y and V. If Y; was always a linear 
function of V; then we could take the propor- 
tions of points in given ranges of | ¥, — Y;| 
which are linked and from these proportions 
deduce the link law. 

A common method of doing this is by 
Probit Analysis (see Finney [7]). We plot, 
for each range of | Y¥; — Y;| the corresponding 
proportion P, of the points with paired differ- 
ences in the range, which are not linked. As 
|¥; — Y;| increases, P should increase. Given 
our hypothesis of a normal probability law 
(which was in fact used with particular p & o), 
if the law is 





then, apart from sampling causes, 


5. 
inet ee 
o 


1 1-5 
= e~*2 dx = P (2) 
Jn J-+ 
(note the origin of 5 is used conventionally so 
that the t are all positive). 

Hence if we take for each range of | ¥; — Y;| 
the corresponding P and determine the linear 
regression of the mid-point(s) of | ¥, — Y;| with 
t, as defined in (2), then if the regression is 
t = a + bx, b estimates 1/o and a estimates 


_ (u—5e) 
a ae 


In our present case we have two problems: 


(a) Yand V are not perfectly correlated. Never- 
theless the correlation is sufficiently high 


for it to make sense to use the (known) Y to 
estimate the probability law. 


(b) The form of the linear relation between Y 
and V is not known. What we have done is 
to assume that the vertical distance along 
the principal axis of the map, between the 
extreme points, whatever they are, is the: 
measure on the Y scale corresponding to 
the difference in values between the two end 
points. Since in practice we would not 
know whether the maps yield the true end 
points we have simply assumed that the dif- 
ference in the values of the two end points 
is 100. We then estimate y' and o' in the 
scale of Y (typically on the maps 
| Ymax — Ymin! is about 3.0), and scale up by 
multiplying these estimates in the Y scale of 
u' and a! by 

100 


[Seen as Fad 


There are a number of variants of this 
method of Probit Analysis. Clearly there is a 
problem caused by the fact that when P = 0 or 
1, the value of t is —x or +x. A first (and 
very simple) regression used P only when 
0.1 < P < 0.9, weighting each observation by 
the number of pairs in the range | ¥, — Y;|. This 
gave estimates of o that were consistently very 
high and it is easy to see why this should occur, 
for we are omitting values of t at the extremes 
of | ¥, — Y;| that are either very low or very 
high. 

The full method of Probit Analysis accounts 
for the problems of very low and very high 
values of P by an iterative process, in which the 
weights of the points of the regression line are 
inversely proportional to the sampling variance 
of the P. At the extremes of P this variance is 
high and hence the weight is reduced. As a very 
crude approximation to the delicate process of 
Probits, we halved the weights (i.e. the number 
of points in the | Y; — Y;| range) for P < 0.1 
and P>09. When O0<P<0O.1_ and 
0.9<P<1.0 we used the corresponding 
number of points. 

As can be seen, for high | ¥; — Y;| all success- 
ive ranges will consist solely of non-linked 
pairs, i.e. all the P will be unity. We have there- 
fore only used the first range for which P = | 
and assigned a t value of 7.0 (corresponding to 
a 2o limit). 
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It is easier to demonstrate this than to de- 
scribe it. The following was the calculation for 
U (20,25) (Stress 22.034%). 


Total 
number 
of (a) Probit 
pairs t 
10 b 4.16 

5.00 
4.32 
4.85 
5.17 
5.17 
4.85 
5.12 
4.80 
5.44 
5.44 
5.96 
7.00 


Mid 

point 
IM-¥ 
0.00-0.099 0.05 
0.10-0.199 0.15 
0.20-0.299 0.25 
0.30-0.399 0.35 
0.40-0.499 0.45 
0.50-0.599 0.55 
0.60-0.699 0.65 
0.70-0.799 0.75 
0.80-0.899 0.85 
0.90-0.999 0.95 
1.00-1.099 1.05 
1.10-1.199 1.15 
1.20-1.299 1.25 


Number 
not 
linked 


NUDAUADAUNAS COANWN 


_ 


The regression line fits t as a linear function of x 
with weights, as the numbers in column (a), 
except that the 12 pairs which had a vertical 
(Y) separation on the map in the range 
1.20-1.299, were counted only 6 times (that is 
half). 

The regression line is t = 1.36 x +4.24 


In the scale of Y, 1.36 estimates 1/o! and 
4.24 estimates 


u! a So! 


o 


i.e. the estimates of y' and o! are 0.56 and 0.74 
respectively. Scaling up to 100 means that the 
estimates of py and o are 


100 
3.289 


times the estimates of y' and a’, giving 17.0 
and 22.4 respectively for u and o. 

(We note that we have used the distance 
between the extremes on the maps to scale up 
to 100. These extremes were in this case the 
points 3 and 19 for which the actual V values 
were 94 and 3. Had this difference of 91 been 
used instead of the 100, the estimates 17.0 and 
22.4 would have increased to 18.7 and 24.6, a 
rather closer approximation to the true values 
of 20 and 25). 


The following table shows the estimates from 
this crude method. 


TABLE 2. ESTIMATES OF DECISION FUNCTION (1,0) 





Actual Estimates 





N U 





5.7 


12.6 
8.6 





CONCLUSIONS 


It would be rash to claim too much for this 
method. It is encouraging to observe the close 
relation between the Y value, as revealed from 
maps based on very weak non-transitive infor- 
mation and the single value of the index of 
attractiveness V. It is also of interest to observe 
the way in which the regression analysis 
enables ‘ball park’ estimates to be made of the 
probability link law. In some cases this esti- 
mate was remarkably close. 

Further research is now in progress on the 
problems of the robustness of the maps when 
not all possible pairs are compared (which has 
the effect of radically reducing the work 
involved in the comparisons) and of extending 
the method to group decision making with im- 
perfect information. 
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A centralized multiple-period money management model is developed and applied to the case of a 
simulated US based MNC with subsidiaries in the United Kingdom, Canada and West Germany. 
Only the first of three period’s decisions are intended for implementation in the moving horizon 
model. The inclusion of two future periods permits current actions to be executed with imperfect but 
valuable information contained in forecasts of future spot exchange rates produced by moving-hori- 
zon least-squares generators. For the set of assumptions invoked it is seen that the centralized model 
provides significantly better profit results than zero-net exposure approaches. 


INTRODUCTION 


THE MANAGEMENT Of short-term monies per- 
sists as a complex problem facing treasurers of 
multinational corporations (MNCs) operating 
in multiple currencies. The zero net exposure 
approach—popularized by Eiteman and Stone- 
hill [5], Goeltz [10], Korth [14] and Teck 
[22,23]—is a device to avoid exchange rate 
risk losses.’ However, more recently Hollis 
[11] has demonstrated that under certain con- 
ditions, the zero net exposure approach may 
not produce significantly different results than 
a naive random approach. That is, some degree 
of exposure to exchange rate changes may be 
profitable. 

A mathematical model which transcends 
zero net-exposure requires forecasts of future 
spot exchange rates. Literature on the efficient 
market hypothesis for foreign exchange rates 
suggests that the information contained in the 
sequence of past rate changes (the weak form 
of the hypotheses) will not lead to returns 
greater than average. Weak form tests by Burt, 
Kaen and Booth [2], Cornell and Dietrich [3], 





' Zero net exposure may be defined as the balancing of 
end of period short term monetary assets and liabilities. 
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Giddy and Dufey [9] and Logue, Sweeney and 
Willet [17], for the most part, offer support for 
the hypothesis. Contrary evidence is found in 
Dooley, Shafer and Smith [4]. The results of 
these tests suggest that a profitable forecasting 
technique will require more information than 
simply the sequence of past exchange rate 
changes. 

The inclusion of publically available infor- 
mation for the forecasting of exchange rates 
leads to the semi-strong form test of the effi- 
cient market hypothesis. For medium-term 
rates (2 yr in the future) Folks and Stansel [8] 
found that information contained in certain 
macroeconomic variables could be successfully 
‘used in classifying currencies as to whether or 
not they would appreciate or depreciate rela- 
tive to the US dollar (via discriminant analy- 
sis). Currently there does not exist sufficient 
support for the semi-strong form of the hypo- 
thesis to afford any concise statements on the 
profitability of exchange rate forecasting, par- 
ticularly with respect to short-term rates. 

In this paper a mathematical model which 
utilizes a spot exchange rate forecasting tech- 
nique is developed and applied to the case of a 
simulated US based MNC with subsidiaries in 
the United Kingdom, Canada and the Repub- 
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lic of West Germany. The centralized multiple- 
period model (CMP) augments the attributes 
of net exposure models with selected hedging 
alternatives and forecasts of future spot 
exchange rates. The corporation has the ability 
to transfer funds via a cash pooling center. The 
objective of this linear program is the maximi- 
zation of before-tax-consolidated profits over 
three monthly periods. Because hedging 
devices (purchases and sales of forward con- 
tracts) can be used to offset the consequences 
of exchange rate fluctuations relative to the US 
dollar, it is not mandatory to seek a near zero 
exposure balance in each foreign subsidiary. 
The model permits combinations of the net 
exposure and the completely covered posit- 
ional approaches, depending on the anticipated 
relative costs of varying courses of action. 

One feature of the CMP is a cash-pooling, 
intercountry transfer system that is based on a 
proposal by Rutenberg [20]. Excess funds may 
be siphoned from a cash-rich subsidiary 
through the defined domestic pooling center to 
cash-poor subsidiaries. Funds may be bor- 
rowed or invested in any of the foreign sub- 
sidiaries in addition to the domestic pooling 
center country. The transfer mechanism per- 
mits greater flexibility by increasing the 
number of decision alternatives. 

A multiperiod time horizon, as seen in the 
works of Lietaer [16] and Shapiro [21], per- 
mits strategy formulation for the current and 
two future periods. The model bases strategies 
for the current period on anticipated future 
spot prices and relative costs of future financ- 
ing, investment, and protection devices. 

The objective of the CMP model is the maxi- 
mization of quarterly profits. As an aid to de- 
cision-making, CMP’s results suggest the 
amount, location, and timing of financing 
instruments, investments, hedges, and fund 
transfers.2 Exchange rate risk reduction is 
accomplished through combinations of net- 
exposure and hedging methods. The sub- 
sidiaries’ monthly cash requirements have been 
assumed to be exogeneously determined. CMP 
further assumes that future interest, borrowing, 
and forward rates are known. 

Future spot exchange rates are determined 
via the method of least-squares. The exchange 





? Taxes, trading patterns and intra-company invoicing, 
and transaction costs have been ignored in order to con- 
centrate on the effects of the information generators. 


rates are employed in the CMP to suggest 
whether an appreciation or depreciation might 
occur. If an appreciation is anticipated in a 
particular country the firm has several options 
available to increase profits. First, net exposure 
at the period’s end may be positive (with net- 
exposed assets). In this case appreciation in- 
creases the value of investments relative to the 
US dollar. The amount of investments may be 
increased by transferring funds into a strong 
currency country from the pool (by domestic 
borrowing or by obtaining financing in another 
subsidiary’s currency). Secondly, if a positive 
net-exposure position is impractical and a 
negative net-exposure position is mandatory, 
the firm can explore hedging options. Con- 
tracts can be sold forward to coincide with 
maturing financing. However, the contract’s 
cost may exceed the anticipated appreciation 
cost, in which case the firm would maintain an 
uncovered position and accept the anticipated 
appreciation losses. Another option that might 
be available to the firm is, of course, a zero 
net-exposure position. 

Similar types of strategies exist for the firm 
operating in currencies with anticipated depre- 
ciation. Net exposure might be negative, result- 
ing in reduced repayments of loans. If net 
exposure is positive, hedging contracts can be 
purchased forward if the estimated cost is less 
than the anticipated depreciation losses. 
Further, all funds can be transferred out of the 
country through the pooling center at the 
beginning of the period when a depreciation is 
anticipated to occur. The firm might be well 
advised to invest in the depreciation currency if 
interest yields reduced by anticipated deprecia- 
tion changes are greater than those available in 
other currencies. 

The CMP model does not permit pure specu- 
lation on currency fluctuations, because the 
model is constructed to portray an MNC’s op- 
erations with respect to money management 
procedures and does not represent a risk-seek- 
ing organization vying for speculative profits. 
Speculation is precluded by stipulating that 
forward contracts may be purchased in a cur- 
rency with amounts no greater than loans 
maturing at the contract’s maturity date. In 
addition, sales of contracts are limited to 
investments maturing in the given currency. 

Even though the forecasts employed in the 
CMP are subject to error, it is expected that 
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decisions based on such imperfect prediction 
will provide better profit results than those 
strategies ignoring information available in 
exchange rate forecasts. It is hypothesized that 
the CMP’s emphasis on relative costs could be 
more useful than approaches based on simple 
net-exposure goal programming methods or on 
a naive money-management approach. For ex- 
perimental purposes the CMP model has been 
applied in a simulated environment on a 
monthly basis for the period August 1974 
through September 1975. Only the first 
period’s decisions are implemented. The 
model’s parameters are updated for the next 
three-month period. In a rolling-horizon fash- 
ion, twelve three-month models are solved and 
the first period’s results are applied to ascertain 
the profit results. These results are then com- 
pared with two previously published net ex- 
posure models and a naive random strategy 
which have been tested in the same simulated 
environment (Hollis [12]). 

The mathematical formulation for the cen- 
tralized multiple period model and for the fore- 
casting technique is presented in section I. Sec- 
tion II contains the experimental design for the 
application of the CMP model in a simulated 
environment. The results of the simulation are 


compared with two other zero net exposure 
models and a naive random strategy in section 
III. The final section contains conclusions and 
areas for further research. 


I. FORMAL STATEMENT OF 
THE CMP MODEL 


The CMP model is formally presented in 
this section by first defining structural variables 
and coefficients. Next, the model is verbally 
stated. The mathematical details are found in 
the Appendix. 


Let 
Xj: = US dollars sent from pool k to 
country j (j = 1,2,3) in time period t 
Se oF eens (| 
= units of foreign currency measured 
in US dollar equivalents sent from 
country j to pool k at time t; 
= investment measured in US dollar 
equivalents of maturity i (i = 1, 2, 3) 
months in country j at time f; 
= loans measured in US dollar equiv- 


alents obtained in country j at time 
for one month; 
= investments made in the US of 
maturity i months at time f; 
loans made in the US for one month 
at time f; 
= amount of forward contracts sold of 
maturity i (i = 1, 2,3) in currency of 
country j at time ft, denominated in 
US dollar equivalents; 
= amount of forward contracts pur- 
chased for maturity i (i = 1) in cur- 
rency of country j at time f, 
denominated in US dollar equival- 
ents; 
net cash requirement in country j at 
time f; 
maximum permissible outstanding 
investments in country j at time f; 
= maximum permissible outstanding 
borrowing in country j at time f; 
maximum permissible borrowing in 
domestic pool k at time f; 
spot exchange rate in US dollars per 
unit of currency of country j at time 
t (t = 0,1, 2,3) where ej is known 
with certainty and values for e;, are 
predicted from the information 
generator when t > 0, 
forward exchange rate in US dollars 
per unit of currency of country j, for 
i months in the future (i = 1, 2,3) at 
time ft; 
= percentage investment yield for 
duration i, purchased in country j at 
time ft; 
b;, = percentage cost of borrowing in the 
US at time t; 
tine = percentage investment yield for 
duration i months purchased in the 
US at time f; 
by, = percentage cost of borrowing in the 
US at time t; 


The objective function serves to maximize 
before-tax consolidated profits over three 
periods, which is a function of returns from 
unhedged investments, costs of unhedged 
financing, net costs of purchases and sales of 
forward contracts, and anticipated changes in 
net financial holdings. To clarify the net costs 
of forward contracts, an increase (decrease) in 
the objective function results from the sale 
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(purchase) of a forward contract at a discount. 
Anticipated changes in net financial holdings 
are measured by the product of percentage cur- 
rency change and net exposure reduced by net 
hedging devices. If the firm has a net exposure 
of zero or if it is fully hedged, no profit changes 
are anticipated. However, if the firm has a posi- 
tive net exposure, depreciations (appreciations) 
will result in a reduction (increase) in profits; 
negative net exposure yields the opposite 
results. 

Delimiting the feasible region are budget, 
cash pool, investment, financing and hedging 
constraints. The cash budgeting constraints 
require that the budgeted beginning-of-period 
needs for each country (in each period, t) be 
met. Source of funds are foreign financing, 
maturing investments, and transfers from other 
foreign subsidiaries or financing in the domes- 
tic headquarters country. Uses of funds are 
investments in each foreign country’s short 
term money market, repayment of previously 
obtained loans or transfers to the cash pool 
which may be used for domestic investment, 
loan repayment or transfers to a cash-poor 
foreign subsidiary. Forward contractual agree- 
ments maturing at the beginning of the period 
are also included in the budget constraints for 
each subsidiary. 

The second set of constraints provides 
balancing equations for the cash pool specify- 
ing that the sum of funds obtained by subsidi- 
ary transfer, domestic maturing investments, 
and domestic financing must be equal to funds 
remitted to foreign subsidiaries, domestic in- 
vestment and domestic financing repayments 
due. 

To require that the maximum outstanding 
foreign investments are less than or equal to 
the prescribed level the constraint must include 
the sum of all one-, two-, and three-period in- 
vestments which are outstanding in each time 
period for each currency. Foreign financing 
limits are also included for each period and 
each currency. In addition, limits are placed on 
domestic borrowings. 

In order to avoid speculative activities, the 
next set of constraints specifies that total sales 
of forward contracts be no greater than total 
investments maturing at the end of the period 
(t). Purchases of forward contracts are restric- 
ted to financing what matures at the end of 
each period, in order to avoid speculative ac- 


tivities by the firm. Forward purchases may be 
no greater than the amount of financings in 
each country and each period. 

Only the first period decisions of planning 
model n (where n= 1,2,...12) are imple- 
mented. This enables the firm to update the 
planning model with more current information 
at the end of each period. The updated plan- 
ning model (n > 1) is then solved again for 
three future periods. It is required that models 
subsequent to the first (n = 1) include pre- 
viously implemented decisions (particularly 
actions taken affecting more than the initial 
period) to accurately reflect the firm’s current 
anticipated status. Modifications required for 
models when n > | only affect the right-hand 
sides of the technological constraints. Changes 
are required on budget, cash pooling, invest- 
ment and hedging via sales of forward con- 
tracts include the results of actions taken in 
previous periods. 

Finally, no changes are required in either the 
maximum borrowing constraints or purchase 
of forward contract constraints as both of these 
options are assumed to be exercised for only a 
single period. Cost or profits from a forward 
currency sale are included in the budget con- 
straints. 

Information generators have been formu- 
lated for the forecasting of future spot 
exchange rates for the CMP. The formulation 
is based on the work of Farag and Ott [6]. 
Least-square estimators are obtained for each 
period and for each currency. Proxy variables 
are included for trade balance, nonspeculative 
short-term capital movements, speculative 
capital movements, and international liquidity. 
The dependent variable (spot exchange rate) 
leads independent variables by three months so 
that currently available information may be 
employed for forecasting the future rates. Fore- 
casts are made for 1, 2 and 3 future months. 

The information generator can be character- 
ized as follows: 


en = at B,X, + B,X, + B;X, + BuX4+ B;X5 


where 


ej, = Spot exchange rate in US dollars per 
unit of currency country j, at the end 
of month f¢; 
a = least-squares constant; 
B; = partial least-squares coefficients or 
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slopes of the least-squares planes 
where (i = 1, 2, 3, 4, 5); 

X, = trade balance proxy = consumer price 
index country j at t —3 relative to 
consumer price index US at t —3 
(relative prices); 

X, = trade balance proxy = industrial pro- 
duction index country j at t — 3 rela- 
tive to US industrial production index 
at time t — 3 (national income); 


X 3 =nonspeculative short-term capital 


movements = annualized _ percentage 
rate of treasury bills in country j at 
t — 3 relative to annualized percentage 
rate US treasury bills at t — 3; 

X4 = Speculative capital movements 
[~=se forward rate jatt — 3 — ‘3 





Cj-3 
x [400%] — (US treasury bill % yield at r — 3 
— treasury bill % rate j at t — 3); 


Xs = proxy for international liquidity = in- 
ternational reserves = (gold _hold- 
ings + special drawing rights + re- 
serve position in International Mone- 
tary Fund + foreign exchange hold- 
ings) of country j in t — 3 relative to 
the US in t — 3. 


The first two independent variables serve as 
proxies for the trade balance since only quar- 
terly data on the trade balance of the foreign 
countries with the United States was available. 

. It is assumed that information contained in the 
consumer price index and the industrial pro- 
duction index reflects the general nature of 
movements in the trade balance. The first vari- 
able purports to represent relative prices and 
the second variable represents relative national 
income. Nonspeculative short-term capital, the 
third independent variable, is measured by 
foreign treasury bill yields at annualized rates. 
Comparison of an annualized percentage 
change in the three-month forward exchange 
rate and the spot exchange rate reduced by the 
differential in annualized domestic bills com- 
prise the fourth independent variable which is 
a proxy for speculative capital movements. The 
final independent variable is the ratio of the 
foreign country’s international reserves to the 
domestic country’s international reserves. 





3 Standard least-squares estimation techniques were 
employed. 


II. APPLICATION OF THE 
CMP MODEL 


Twelve moving horizon models (September 
1974 through August 1975) were solved by a 
linear programming algorithm for a hypotheti- 
cal MNC with a US base and subsidiaries in 
the United Kingdom, Germany, and Canada. 
Each model contained decisions for three 
periods (months). The decision variables 
selected for the first period were treated as if 
they would have been implemented while stra- 
tegies for the second and third periods (with 
less reliable inputs) were only obtained. The 
inclusion of two future periods, in most cases, 
permitted the current actions to be executed 
with imperfect but valuable information. 

Data for the information generators were 
obtained from International Financial Statistics 
[13]. A total of 36 sets of information genera- 
tors were estimated—one for each currency for 
each monthly period over a horizon of twelve 
months.* Coefficients for each generator were 
estimated based on 15 months of data. For 
example, predictions for September, October 
and November 1974 were estimated using data 
for the period June 1973 through August 1974 
for the dependent variable and March 1973 
through May 1974 for the independent vari- 
able. A moving data base of 15 months was 
used for each generator. For example, the pre- 
dictions for October, November and December 
1974 were calculated based on a data base 
which excluded June 1973 data for the depen- 
dent variable (March 1973 for independent 
variables) but added the now available infor- 
mation for September 1974 for the dependent 
variable (and June 1974 for the independent 
variable). No tests were conducted on the esti- 
mated coefficients since only a nonparametric 
least squares technique was used (the assump- 
tion of normality of exchange rate movements 
appeared untenable). From each of the genera- 
tors three forecasts could be made for future 
spot exchange rates: a 1 month future rate, a 2 
month future rate and a 3 month future rate. 

Root mean square errors (RMS) were calcu- 
lated for forecasts made for each currency. The 
smallest RMS was found with the Canadian 
dollar (1.9856%). RMS for the Pound Sterling 
Forecasts was 2.6418%. The largest RMS 
resulted with Deutsche Mark forecasts with a 
value of 3.6969%. 
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In order to limit the focus of the study to the 
short-term financial problem, simplifying 
assumptions were invoked. First, it is assumed 
that the cost (return) and availability of financ- 
ing and investment opportunities are known as 
are the firm’s bounds on such activities. Invest- 
ments considered are similar in nature to the 
US Discount Treasury Bill. Financing is repre- 
sented by prime-rate bank loans. The firm’s op- 
erations are independent of the markets’ rate 
determination system. Transactions costs, 
commissions, and other compensatory charges 
are ignored. The cash needs for each subsidiary 
for each period for each subsidiary’s currency 
are exogeneously determined.* 

An interesting problem arises with respect to 
selling forward contracts. Since contracts sold 
may be of 30, 60, or 90 day durations (as may 
investments), a contract may be sold forward in 
a period prior to the placement of an invest- 
ment.° When a subsequent model is executed 
with new information, the investment may not 
represent one of the ‘optimal’ decision vari- 
ables selected unless the formulation requires 
the ‘suboptimal’ investment to be replaced. If a 
contract has already been sold forward, the 
amount of the contract must be available in the 
foreign subsidiary at maturity. In practice, 
firms might be able to resell the contract in a 
secondary market. Because the secondary mar- 
ket lacks breadth and depth, recourse to for- 
ward contracts has not been considered as a 
viable alternative in this research. Thus, if the 
investment strategy for which the contract has 
been sold is not placed, an ‘instantaneous 





“For application purposes, monthly cash requirements 
were randomly generated in the range of —$25,000 to 
$25,000. Limits placed on borrowing were $50,000 while 
limits on investments were $150,000 per period in each 
foreign subsidiary. Domestic borrowing was limited to 
$250,000 per period while no limits were imposed on 
domestic investment. Future spot exchange rates were 
obtained from Hollis [11]. Investment rates were obtained 
from Moody's Bond Record [19], Financial Times [7], In- 
ternational Financial Statistics [13] and the Monthly 
Report of the Deutsche Bundesbank [18]. Borrowing rates 
are the short-term prime rates from the Bimonthly FFO 
Updated and Forecaster of Interest Rates [1]. 

° The author wishes to thank an anonymous referee for 
pointing out that UK authorities would be disturbed by 
such a business practice. Before particular applications, 
host country money market regulations must be incorpor- 
ated into the decision making process. 

° A complete exposition of these other approaches has 
been published in [12]. 

7 The simulation assumptions are delineated in section 
II. 


transfer’ of funds from the cash center can be 
executed at the going market exchange rate on 
the maturity date. Principal in the amount of 
the ‘instantaneous transfer’ is returned to the 
pool after the contract’s settlement with gains 
or losses included in the updating procedure 
for the next period’s budget. 

Given the prediction errors associated with’ 
the spot rate forecasts, some decision inaccura- 
cies were realized. In spite of imperfect fore- 
casts, many profitable actions were apparent. 
The solutions suggest that the MNC using a 
profit-making criterion should consider a var- 
iety of approaches to short-term money man- 
agement. Cases are evidenced where sub- 
diaries used zero net exposure, fully hedged 
positions, completely unhedged and exposed 
positions, as well as various combinations of 
partial hedging-exposed-uncovered cash pos- 
itions. Full use was made of the cash-pooling 
center for transferring funds among subsi- 
diaries, for domestic financing, and for limited 
domestic investment. Investments of various 
maturities were frequently executed in each 
subsidiary, as were borrowings. As suggested 
earlier, purchases and sales of currencies for- 
ward were a common event. 


Ill. EXPERIMENTAL RESULTS 


The centralized multiple-period model 
results (CMP) are compared with two zero net 
exposure models and a random approach in 
order to provide further insight into the short- 
term foreign exchange risk management prob- 
lem.° The zero net exposure models corre- 
spond to two archtypical modes of MNC con- 
trol: a centralized single period zero net expo- 
sure (CSP) and a decentralized multiperiod 
zero net exposure model (DMP). Both of these 
models use goal programming to balance the 
end-of-period short-term monetary assets and 
liabilities. Neither model permits the use of any 
other hedging instruments (such as the use of 
forward contracts which are employed in the 
CMP approach). As a control device the naive 
random strategy model (NRS) is used to por- 
tray the results of randomized actions. 

The CMP, CSP, DMP and NRS models are 
applied under the same set of simulated condi- 
tions’. Profits which are calculated represent 
the before-tax consolidated profits which 
would have been realized if a decision-maker 
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TABLE 1. QUARTERLY PROFITS (In US Dollars) 





Strategy 





Quarter NRS CSP DMP CMP 





I — 167 2 

Il 781 502 
Ill — 250 — 158 
IV 371 —579 
Total 735 — 233 


—314 
772 
680 

— 2,072 

—934 


11,915 
1,786 
5,526 

17,818 

37,045 





had consistently followed actions recom- 
mended by the models. Only first period deci- 
sions in the case of the multiple-period models 
(CMP and DMP) are implemented. The time 
horizon extends from September 1974 through 
August 1975. The firm is a US based MNC 
with subsidiaries in the United Kingdom, 
Canada, and Germany. Financial transactions 
for the decentralized model (DMP) may only 
be executed in the host country currency. The 
centralized models (CMP and CSP) provide for 
the movement of funds among subsidiaries and 
the US based cash pooling center. 

Given that the CMP model’s objective is to 
maximize quarterly profits, the monthly calcu- 
lated profits are aggregated for testing pur- 
poses. Table | presents the quarterly profits. A 
Friedman nonparametric analysis of variance 
was performed on the quarterly profit results. 
The null hypothesis is: there is no significant 
difference among strategies’ quarterly before- 
tax consolidated profits for the period Sep- 
_ tember 1974 through August 1975. If the null 
hypothesis is true the sum of the ranks for each 
strategy should be equivalent. The sum of the 
ranks are 9 (NRS), 8 (CSP), 7 (DMP) and 16 
(CMP). The Friedman test statistic is 7.5, and 
the null hypothesis can be rejected at the 0.052 
level of significance according to tables found 
in Lehmann [15]. In other words, the test im- 
plies that significant differences in profits do 
exist at commonly significant levels. The Wil- 
coxon pairwise follow-up test permits rejection 
of the no difference hypothesis between the 
CMP and each other strategy at the 0.0625 
level of significance. There does appear to be 
support for preferring the CMP strategy over 
the zero net exposure and naive strategies. 


IV. CONCLUSION 


The results of the hypothesis test of no sig- 
nificant differences among the centralized mul- 


tiple period model and the net exposure and 
naive approaches are generalizable to the 
hypothetical MNC operating with the specified 
subsidiaries during the sample period. Given 
this set of assumptions, the CMP approach 
provides significantly different quarterly profit 
results. The use of imperfect forecasts provides 
better results than do the zero net exposure 
approaches. The CMP provides for exposure 
which the firm, without speculation, can utilize 
in a profitable manner. 

The CMP model needs to be subjected to 
additional tests. The parameters which were 
fixed in this research need to be varied. Ad- 
ditional approaches to forecasting exchange 
rates could result in diverse outcomes. Ad- 
ditional precision in forecasts should afford 
greater profit potential. In addition, other 
hedging schemes could be included. Taxes, 
commissions, transfer pricing mechanisms and 
particular host country regulations need to be 
included for specific MNC. Testing should also 
be conducted on more currencies for variants 
in time periods and horizons. 

This research suggests that a CMP approach 
to short term decision making may result in 
results superior to simple zero net exposure 
methods. A money management model incor- 
porating less than perfect information while 
expanding exchange rate risk protection instru- 
ments appears to be a profitable alternative to 
zero net exposure modelling approaches. The 
corporate treasurer may be able to profit from 
judiciously controlling exchange rate risk vul- 
nerability in its short-term money management 
operating strategy. 
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APPENDIX 


A. The model for the linear programming formulation 
of the Centralized Period Model is presented below. 
To make the notation more concise, the following 
definitions are added to those included in the text: 
rie = ijt Lijes 
bBy, = bj, By. 
Cin — Cn 
Siin.jn-1 2 
Cjr-1 
Cj-1 e jt 


Gjt-i.i = 
eC jt-1 


and 


‘ C it 
h itene-i = : 
jt-i 
Objective function 


3 T T+1-i 
maxZ= ) i > Fy + rhs %y 
j=l t= 


i=1 
or bBy, oe bBy, — Sijpin-s Zit — Git-1, jt 
x [(1 bi a) Be Ds Yi je . (1 ue b)B i, 4 Zi] 


t 
+ ¥ gir-in ( + MN ijesi-i 
i=2 


Yew 


Cash Budget Constraints 
(T+1)-t t-1 
Xin —Xie- YL lip + Bat ¥ 
is i=1 
x Nj a jinn (E+ igi 
+ fijeje-i-t Yijet-il 
—Nje-i,je-2 (lL + D)By-1 
— Sin, p-2 Zin = Ry, 3 Vj, Vi. 
Cash Pool Constraints 
3 3 (T+1)-1t 
Z X ju — > Xk — = Tine + Bus 
j=2 j=l i=1 


oi sy (1 + r)lixs-i — (1 + b)By-1 = 05Y,. 
i=1 


Maximum Foreign Investment Constraints 


(T+1)-t 
»» Tijt + Taja-a + U3ja-a S Spi Vj Ve. 
= ift#1 
Financing Source Constraints 
By < Tir Vj, Vi, 
and 
Bur S Titi V;- 


Sales of Forward Contracts 


(ei; Yin - (ey-1)7' (1 + rylijn 


+ Y Ceijpesa-d7* Vijees-i 
in? 


— (ju-d- ‘(1+ lijaer-ico]i Vj Ve- 
Purchases of Forward Contracts 


(eij)' Zijt 4 (e;)~' (1 + b)B;, < 0; Vj, Ne 


B. Right-hand-sides modifications. 


Budget Constraints 


T 
Rj, + 2 — hyo, jo.n-i+e41 CO + rMijaen-isees 
i=t 
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+ fijrn-ise+;jon-isett Yijnn-iteei] Sales of Forward Contracts Constraint 


T 
+ Myo:j0.n-1 C(l + DIBjr ns + ¥ [(ejo tee = Tijan+t-i 
+ fijrn-1:j0.n-1 Zijtn-1)3 Vj Vee ae 


Cash Pool Constraint £ (Cis nee-D Yin nse-ids Vie Ve 


; Note: Caution should be exercised whenever + signs 
Y= + Olintn-isess + (+ DYBar 1%. are encountered to ensure that the proper sense of the 
bet : exchange rate fluctuation is realized relative to forward 
contract transactions. The forecasted exchange rates which 
are necessary are available in advance of actual solution 


sh : generation and indicate the appropriate sign for the model. 
Sj — Tajrnna — Usyrena — IU spa-ai tt = LV,; 


Maximum Foreign Investment Constraint 


Sj2 — Msjrn-13t = 2,V; ADDRESS FOR CORRESPONDENCE: Dr Martha Hollis, Assist- 
ant Professor of Management Science, Graduate School 
and of Administration, University of California; Irvine, CA 
S.4:t=3,V; 92717, USA. 
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This paper lists numerical results for a system with two parallel queues in which arriving customers 
always join the shorter queue. These results enable us to discuss how fast the expected queue length 
converges toward its equilibrium, provided the arrivals are below the capacity of the service facility. 
It also shows how fast the expected queue length increases in case the traffic flow is at or above the 
capacity of the service facility. Finally, it is shown that the system under consideration behaves very 


similar to a two-server queue. 


INTRODUCTION 


PARALLEL QUEUES, as they form in front of 
toll booths, bank tellers, or supermarket exits 
have repeatedly been analyzed analytically 
[8-10, 12], but no closed solutions for equilib- 
rium probabilities, let alone transient probabi- 
lities, have yet been found. There are, however, 
numerical methods available to find both tran- 
-sient and equilibrium solutions to queueing 
systems. An algorithm to find equilibrium solu- 
tions for any finite Markovian queueing system 
was proposed by Wallace [13] in 1966. Later 
on several authors [1, 14] used the method of 
Runge-Kutta to find transient solutions to 
such systems. Recently, Grassmann [5, 6] sug- 
gested a method for finding transient solutions 
efficiently. He reported that his method is 
applicable for problems up to 10,000 states, 
and the problem considered is well within these 
limits. Later, his method was used by a number 
of researchers, in particular by CE Love [11], 
and it was also adopted for this study. 

The main problem using a Markov chain 
analysis for finding transient and/or equilib- 
rium solutions is the fact that the resulting 
transition matrix is often huge. Most queueing 
systems lead to Markov chains whose states 
are d-tuples i;, iz, ig. If each i; can assume 
n different values, there are n‘ different states, 


and even for small n and d, n‘ can easily exceed 
10,000. This restriction has to be kept in mind 
when formulating models. 

When we analyze parallel queues and 
determine their transient behaviour, we will 
not just give numerical results, but we will use 
these results to find approximations, rules-of- 
thumb, and generally get a better idea of the 
system. In fact, these derived results are some 
of the main benefits of a study such as this. 


DESCRIPTION OF THE SYSTEM 


This paper analyses a queueing system with 
two servers. In front of each server, there is a 
line, and arriving customers always join the 
shorter line. (The word line, in the sense used 
here, includes the element being served. If the 
element being served is to be excluded, the 
word queue will be used.) If both lines are of 
equal length, arrivals join line number |. The 
arrivals are Poisson with a rate of A, and ser- 
vice times are exponential with a rate of uw, and 
Hz, respectively. 

To restrict the state space, no line was 
allowed to exceed 40 customers. Moreover, the 
difference between the lines was restricted to 10 
or less customers. Any arrival or departure 
leading to a state outside this state space was 
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not allowed to occur. The resulting system has 
751 states, and the probability for each state 
was calculated. From these probabilities, the 
expected number of elements in the system was 
obtained. 

The system was observed in its transient 
state, that is, its development over time was 
recorded. Obviously, this development depends 
on the initial conditions, that is, on the proba- 
bilities to have no element in the system, one 
element in line one and none in line 2, one in 
line one and one in line 2 and so on. Moreover, 
it also depends on the arrival rate 4 and the 
service rates 4, and p>. Both, the initial condi- 
tions and the rates were varied. 

The transient and equilibrium probabilities 
of the system under consideration are 
determined by two forces, namely drift and 
volatility. The drift is equal to A — (wu, + Hy), 
that is, it is the difference between the arrival 
rate and the capacity of the system. As long as 
the probability that both servers are busy is 
high, the drift is the main force that affects the 
expected number in the system. This can be 
seen as follows. Suppose X(t) is the number of 
elements at time t. A(t) is the number of arri- 
vals from 0 to t, and S(t) is the number of 
elements that finished service from time 0 to t. 
If X(0), the number in the system at time 0, is 
known, one has 


X(t) = X(0) + A(t) — S(t). (1) 


Here, X(t), A(t) and S(t) are random variables. 
The expected number of arrivals from time 
zero to time t is of course 


E[A(t)] = at. 


If both servers are busy with a probability of 1, 
the expected number of elements that finishes 
service from time zero to t equals 


E[S(t) = (uy + p2). 
Under the conditions stated above, one finds 
E[X(t)] = E[X(0) + A(t) — S(t)] 


= X(0) + ELA()) — ELS(0)) 
= X(0) + At — t(uy + H2) 


E[X(t)] = X(0) + (4 — wy — pp). (2) 
E[X(t)] increases thus by A — py — po, or by 
the drift, provided that the probability is small. 
that any of the two servers is idle. For instance, 
if X(0) = 10, A = 36, uw, = 2 = 20, there is a 
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drift of —4, that is, the servers have the capa- 
city to serve 4 more than arrive, and one would 
expect that the queue length decreases initially 
by 4 elements per time unit. This is actually 
true as will be shown later. 

The second force, the volatility, is respon- 
sible for the spread of the distribution. Mathe- 
matically, the volatility is given as 


Volatility = A+ py + pp. 

The volatility is the increase of the variance of 
the number in the system per time unit under 
the condition that both servers are busy. This 
can be shown as follows. Since arrivals are 
Poisson, the variance of A(t) is At, and since the 
service time is exponential, the variance of S(t) 
is (u; + f2)t, as long as both servers are busy. 
In this case, the variance of X(t) becomes, 
because of equation (1) 


Var [X(t)] = Var [X(0) + A(t) — S()] 
* Var [A(t)] + Var [S(t)] 


Var (X(0)] = At + (uy + w2)t = tA + wy +H) = (3) 
Under the above conditions, the variance of 
X(t) is thus t times the volatility. In this case, 
X(t) will also converge toward the normal dis- 
tribution. This is so because both A(t) and S(t) 
are Poisson distributed and the Poisson distri- 
bution approaches the normal distribution as t 
increases. 

If A is less than pw, + p>, the probability that 
one or both servers become idle increases 
rapidly, and what has been said above no 
longer applies. Because of the volatility of the 
process, this normally happens quite rapidly. 
In this case, new arguments have to be used to 
understand the asymptotic behaviour of the 
system. If A is below yp, + 2, the idle-time of 
the server reduces S(t) below the value it would 
otherwise have, and in this way, a balance 
between arrivals and departures is achieved. 
Therefore, the expected number in the system 
will reach an equilibrium. 

If A = py + pp, there is no drift, and any in- 
creasein the expected number in the system is due 
to the spread of the distribution involved. If X (t) 
is again the number of elements in the system 
at time ¢t, the distribution of X(t) spreads as t 
increases, and the probability that X(t) reaches 
very high values increases. Since the lowest 
possible value for X(t) is zero, this means that 
the expectation of X(t) increases with increas- 
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EXPECTED NUMBER IN SYSTEM 














TIME 


Fic. 1. Expected number in system if servers are homogeneous (uw, = 2 = 20). 


ing t. If X(t) were not restricted to be positive 
its standard deviation could be found from 
equation (3) as 


Std[X(0)) = JA + wy + Ha), 


and if X(t) is restricted to be positive, the stan- 
dard deviation of X(t) should grow at about 
the same rate. Since E[X(t)] is mainly 
determined by the spread of X(t), and since this 
spread is measured by the standard-deviation, 
E[_X(t)] should also grow with the square root 
of t. This conjecture is supported by the results 
obtained by Cohen [3], which imply that the 
queue length for the M/M/1 queue increases 
with the square root of t, provided 4 = yu. 
Later, we give numerical results which give 
further support to our conjecture. 


DISCUSSION OF THE RESULTS 


This section contains some numerical results 
for the system under investigation, which shall 
now be discussed. Table | presents the number 


in the system, provided the system starts 
empty. The service rates yz, and p>, as well as 
the arrival rate A are varied. For each combina- 
tion of u,, 2 and A, the traffic intensity was 
calculated as A/(u; + p2). This traffic intensity 
is the most important factor which determines 
the long range behaviour of a queueing system. 
To see this, we first consider the case where 
Hy = Hz = 20. In this case, a A of 20 gives a 
traffic intensity of 0.5, a A of 30 results in a 
traffic intensity of 0.75, and a A of 36 in a traffic 
intensity of 0.9 (see Fig. 1). 

If 4 = 20 the expected number in the system 
reaches an equilibrium value of 1.426, and this 
value is reached at time t = 1.5 already. If 
A = 30 that is, if the traffic intensity is 0.75, 
there is again convergence to an equilibrium 
value. This value is higher than before, namely 
3.658, and the system has to run longer, namely 
until t= 4, to reach this value. As A is 
increased to 36, which gives a traffic intensity 
of 0.9, no equilibrium is reached yet at time 
t= 4. We therefore calculated the expected 
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TABLE |. EXPECTED NUMBER IN THE SYSTEM FOR 2 PARALLEL QUEUES 





Traffic 


intensity 0.25 0.5 | 


Time* 


2 2.5 3 3.5 4 





1.253 
2.252 
3.004 
3.569 
4.182 
1.198 
2.208 
2.964 
3.530 
4.144 
1.567 
2.615 
3.375 
3.938 
4.544 


1.384 
2.829 
4.113 
5.160 
6.355 
1.374 
2.864 
4.162 
5.211 
6.401 
1.804 
3.365 
4.671 
5.712 
6.887 


1.422 
3.293 
5.400 
7.135 
9.733 
1.442 
3.429 
5.581 
7.531 
9.896 
1.902 
4.003 
6.176 
8.115 
10.455 


13.439 


1.426 
3.565 
6.785 
10.382 
15.240 
1.452 
3.780 
7.114 
10.723 
15.533 
1.917 
4.397 
7.7716 
11.373 
16.148 


1.426 
3.611 
7.225 
11.594 
17.729 
1.452 
3.842 
7.602 
11.990 
18.060 
1.918 
4.465 
8.281 
12.657 
18.694 


1.426 
3.636 
7.579 
12.686 
20.119 
1.452 
3.875 
7.990 
13.131 
20.485 
1.918 
4.503 
8.680 
13.808 
21.136 


1.426 
3.650 
7.866 
13.689 
22.440 
1.452 
3.895 
8.306 
14.178 
22.825 
1.918 
4.524 
9.004 
14.861 
23.510 


1.426 
3.658 
8.104** 
14.621 
24.706 
1.452 
3.906 
8.569 
15.155 
25.110 
1.918 
4.537 
9.273 
15.840 
25.840 





Notes: * In each case the system started empty. ** For time 12 and 20, the values are 9.480 and 9.692, respectively. 


number of elements of the system for t = 12 
and t = 20, and the results are 9.480 and 9.692, 
respectively. Twenty time units are a relatively 
long time. Indeed, an expected 800 customers 
could have been served by both servers during 
this time. 

If 4 = 40, the traffic intensity is one. We con- 
jectured earlier that in this case, the expected 
number in the system will grow with the square 
root of t. If the expectation of X(t) is squared, 
the resulting number should thus grow with t. 
The squared expectation is given in Fig. 2, and 
it describes an almost perfect straight line. The 
expectation of X(t) grows thus approximately 
with the square root of t as conjectured. 

For A = 44, the number of customers in each 
line tends to increase, and the probability of 
idle servers decreases. Consequently, the 
growth of the queue length is mainly 
determined by the drift, which is 
A-— wy — w= 44-40 =4. Thus, the 
expected queue length increases in the long run 
by 4 per time unit. This asymptotic behaviour 
is almost reached after t = 3.5, where the 
growth of the expected queue length reaches 
2.266 in half a time unit or 4.532 per time unit. 

In many applications, different servers work 
at different speeds. To test the effect of this 
heterogeneity, we made some runs, firstly with 
Hy = 30, w,=10 and secondly yp, = 10, 
H2 = 30. The results are also given in Table 1. 
One sees that the values obtained this way are 
very close to the values obtained for 
Hy = M2 = 20. One concludes that, as long as 


the capacity is kept at 40, the heterogeneity of 
the servers has no significant effect. 
All the runs discussed above started with an 


. empty system. What happens if initially, there 


are elements in the system? First, we consider 
queues with a traffic intensity below 1. For 
these systems, we determined the initial proba- 
bilities such that the expectation of the number 
of elements initially in the system was a certain 
percentage of the corresponding equilibrium 
expectation. In all cases, both lines were equal 
initially, but otherwise, the initial probabilities 
were chosen such that the initial variances were 
minimized. The results are given in Table 2. Of 
particular interest are the runs in which the 


EXPECTED NUMBER IN SYSTEM SQUARED 








TIME 


. Expected number in system if ty = 2, = 20 and 
A= 40. 
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TIME 


T 1 
3.0 4.0 


Fic. 3. Expected number in system for three models, if 4 = 20 and pu, = py = 20. 


initial expectation equals the equilibrium 
expectation. In these cases, the drift reduces the 
expected number in the system before conver- 
gence toward the equilibrium takes place. This 
is so because the probability of an idle server is 
initially zero. Table 2 also indicates that the 
convergence toward equilibrium is slower if the 
traffic intensity is higher. 

At a traffic intensity of 0.5 (A = 20), the equi- 
librium expectation is already reached for 
t = 1.5. For a traffic intensity of 0.9 (A = 36), 
the equilibrium is not yet reached for t = 4. 
This is what one would intuitively expect. The 
distribution of the number in the system in 


equilibrium is spread out wider for a high traf- 
fic intensity than for a low one, and it takes 
longer to achieve this spread. 

To demonstrate the drift of the system, a few 
minor runs were made with pw, = 2 = 20 and 
varying values of 4. The initial conditions were 
set at 5 elements in each line, or 10 in the 
system. 

A was set equal to 36, 40 and 44, which gives 
a drift of —4, 0 and 4, respectively. The 
expected number in the system was then calcu- 
lated for t = 0.25 and t = 0.5. The results of 
this run are given in Table 3. One sees that 
initially the main factor affecting the expected 


TABLE 2. THE EXPECTED NUMBER IN THE SYSTEM UNDER VARYING INITIAL CONDITIONS 





4 = 30 





Initial states 
State | 
Probability 
State 2 
Probability 

Initial expectation 
Absolute 
in % of 
Equilibrium 

Expected number 
at time t 


rudunu d 
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TABLE 3. DEMONSTRATION OF THE DRIFT 





Expected number of Expected number in system, 
Traffic elements estimated using drift only 
intensity t = 0.25 t=0.5 t = 0.25 t=0.5 





0.4 9.111 8.613 9 8 
l 10.079 10.392 10 10 
1.1 11.056 12.246 11 12 





Single 
Server 


Model 


—_— Two 


Server 


EXPECTED NUMBER IN SYSTEM 








q 
2.0 
TIME 


Fic. 4. Expected number in system for three models if 4 = 40 and jy, = fb, = 20. 


number in the system is the drift. As the distri- system is already 0.0076. Above 5 elements in 
bution spreads, the effect of the drift is reduced, the system, the distribution of X (0.25) is almost 
especially for low traffic intensities. a normal distribution with the parameters 

Table 4, finally, gives the distribution of given by equations (2) and (3). With these 
X (0.25) for A = 36, uw, = uw, = 20 and the same remarks, we hope that the reader has 
initial conditions as in Table 3. One sees that obtained a good picture of how drift and 
the distribution of X(0.25) has already a wide volatility affect the expected number in the 
variation, and that the probability of an empty system. 


TABLE 4, DisTRIBUTION OF X (0.25), THE NUMBER IN THE SYSTEM AT ft = 0.25 





Number 0 1 2 3 4 5 6 


Probability 0.00760 0.1752 0.02771 0.03880 0.05053 0.06246 0.07389 
Normal Approx. 0.01094 0.01707 0.02530 0.03556 0.04744 0.06005 0.07214 
%, Difference* 43.95 — 2.57 —8.70 —8.35 —6.12 — 3.86 — 2.37 


Number 7 8 9 10 11 12 13 
Probability 0.08361 0.09022 0.09350 0.08999 0.08304 0.07259 0.06015 
Normal Approx. 0.08224 0.08896 0.09132 0.08896 0.08224 0.07224 0.06005 
% Difference* — 1.64 — 1.40 — 1.28 —1.14 --0.96 —0.62 —0.17 


Number 14 15 16 17 18 19 20 and Over 
Probability 0.04725 0.03523 0.02491 0.01675 0.01070 0.00650 0.00799 
Normal Approx. 0.04744 0.03556 0.02530 0.01708 0.01094 0.00665 0.00802 

% Difference* 0.40 0.93 1.57 1.97 2.24 2.30 0.38 





* Normal Approx.—Probability 
Probability 
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TABLE 5. COMPARISON OF PARALLEL QUEUES, INDEPENDENT ONE-SERVER, QUEUES AND 2 SERVER QUEUES 





Traffic 


Type intensity 0.25 0.5 


Times 





Two-server 
Parallel 
Single 
server 
Two-server 
Parallel 
Single 
server 


1.203 
1.253 
1.502 


1.303 
1.384 
1.792 


3.454 
3.569 
4.110 


4.966 
5.160 
6.181 


1.333 
1.426 
1.995 


1.333 
1.426 
2.000 


10.052 
10.382 
13.295 


13.321 
13.684 
17.898 





PARALLEL QUEUES, ONE SERVER 
QUEUES AND c-SERVER QUEUES 


The behavioural characteristics of c parallel 
queues are similar to c independent one-server 
queues on one hand, and to a c-server queue 
on the other. If all arrivals choose any of the c 
parallel queues at random, no matter how long 
the lines happen to be, one has c independent 
queues, each with an arrival rate A/c. On the 
other hand, if waiting elements switch queues 
in such a way that a server is never idle as long 
as any element in the system is waiting and not 
served, a c-server queue at any given time must 
be less than the number of elements in c inde- 
pendent one-server queues, given one has the 
same conditions in both situations. If arrivals 
always join the shorter queue, but do not 
switch queues, the number in the system 
should be in between the ones obtained for a 
c-server queue and c one-server queues. This 
argument, it has been proposed by several 
people (2,4), applies only for homogeneous 
servers, that is, if uw, = 2. For heterogeneous 
servers specific rules have to be devised indicat- 
ing what proportion of the arrivals join which 
queue, and how an element in the system 
chooses the server, given both servers are free. 
To avoid these difficulties, only homogeneous 
servers will be discussed. If there are c parallel 
queues, one calculates first the expected 
number in the system for c independent one- 
server queues, and then the expected number in 
the system for a c-server queue. The expecta- 
tion for the parallel queue should then be 
somewhere in between these results, hopefully 
close to their arithmetic mean. This conjecture 
was checked numerically for the case of two 
parallel queues with / first set at capacity, then 
with A set equal to 1/2 of the capacity. The 
results are given in Table 5 as well as in Figs 3 
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and 4. The result is somewhat unexpected. One 
clearly sees that the parallel queues discussed 
in this paper are very close to the correspond- 
ing 2-server queues. Consequently, the formu- 
lae of the two-server queues normally approxi- 
mate two parallel queues quite closely. 


CONCLUSIONS 


The basis for most decisions are numbers 
and numerical results, rather than formulae. 
Hence, evaluating entities of importance is 
often more important than deriving formulae 
for them. Moreover, numerical results can also 
help to find approximate solutions and/or rules 
of thumb. 

In particular, we investigated the expected 
number of elements in the system and its 
asymptotic behaviour as f¢ increases. Using 
intuitive arguments, we found that this expec- 
tation should increase linearly with t if the traf- 
fic intensity is above one, with the square root 
of t if it is equal to one, and it should reach an 
equilibrium for a traffic intensity below one. 
Using the numerical results provided by 
several computer runs, this conjecture was 
shown to be true in a variety of situations. 

A second result of this study related to sys- 
tems with homogeneous servers. It was shown 
that the expected number in such systems is 
very close to the corresponding expectation in 
a two-server queue. Since two-server queues 
are relatively simple systems, it makes sense to 
use the results obtained for them as an approx- 
imation for parallel queues. 


ACKNOWLEDGEMENT 


The research of this paper was supported by the Natural 
Sciences and Engineering Research Council Canada, Grant 
No. A8112. 





Grassmann—Results for Two Parallel Queues 


REFERENCES 


. BOOKBINDER JH & MarTELL DL (1979) Time-depen- 
dent queueing approach to helicopter allocation for 
forest fire initial attack. INFOR, 17(1), 58-70. 

. BUDNICK FS, MOJENA R & VOLLMANN TE (1977) Prin- 
ciples of Operations Research for Management. Irwin, 
Homewood, Illinois, USA. 

. COHEN TW (1969) The Single Server Queue, p. 84, Else- 
vier, New York, USA. 

. Foote BL (1976) A queueing case study of drive-in 
banking. Interfaces, 6(4), p. 31. 

. GRASSMANN WK (1977) Transient solutions in Marko- 
vian queues. Eur. JI Ops Res., 1, 396-402. 

. GRASSMANN WK (1977) Transient solutions in Marko- 
vian queueing systems. Comput. & Ops Res., 4, 47-53. 

. GRASSMANN WK & SERVRANCKX J (1979) The que 
package. Department of Computer Science, University 
of Saskatchewan, Saskatoon, Canada. 

. HAIGHT FA (1958) Two queues in parallel. Biometrica, 
45, 401-410. 


9. KOENIGSBERG E (1966) On jockeying in queues. Mgmt 


Sci., 12(5), 412-436. 


. KOENIGSBERG E (1977) Correction note on_ the 


paper—On jockeying in queues. Mgmt Sci., 241), p. 


3 Love CE (1977) Purchase/replacement rules for decay- 


ing service facilities. Comput. & Ops Res. 4, 111-118. 


. SCHASSBERGER R (1968) Ein Warteschlangen system 


mit zwei parallelen Warteschlangen. Computing, 3, 
110-124. 


. WALLACE VL (1974) Algebraic techniques for numeri- 


cal solutions of queueing networks, in mathematical 
methods in queueing theory. Lecture Notes in Econo- 
mics and Mathematical Systems, 98, 295-305. 


. WHITLOCK TS (1973) Modeling computer systems with 


time-varying Markov chains. PhD Thesis, University 
of North Carolina, USA. 


ADDRESS FOR CORRESPONDENCE: Professor WK Grassmann, 


Department of Computational Science, University of 
Saskatchewan, Saskatoon, Canada S7N OWO. 





MEMORANDA 








OMEGA The Int. Ji of Mgmt Sci. Vol. 8, No. 1, pp. 115 to 122 
© Pergamon Press Ltd 1980. Printed in Great Britain 


0305-0483/80/0101-01 15$02.00/0 


A Survey of Goal Programming Applications 


GOAL PROGRAMMING, an extension of linear pro- 
gramming, was developed by Charnes and Cooper in 
1961. Since then, there have been many goal program- 
ming examples in literature. This survey provides a 
reference list of goal programming applications to 
multiple objective decision making. Below is a key 
which references the following applications: accounting, 
finance, operations management, marketing, manpower 
planning, and other areas. References to subcategories 
within each area are also identified. 


A—Accounting 
A1: Budgeting and Break-Even Analysis 
A2: Cost Allocation 
A3: Audit Sampling Objectives 
A4: Public Accounting Firm Planning 
A5: Corporate Social Reporting 


B—Finance 
B1: Working Capital Management 
B2: Asset Management 
B3: Capital Budgeting 
B4: Financing Decisions 
BS: Merger and Acquisition 
B6: Investment Planning and Portfolio Selection 


C—Operations Management 
C1: Inventory Management 
C2: Purchasing 
C3: Aggregate Production Planning 
C4: Transportation 
CS: Network Planning 


D—Marketing 
D1: Media Planning 
D2: Sales Effort Allocation 
D3: Marketing and Sales Operation 


E—Manpower Planning 
E1: Equal Employment Opportunity 
E2: Training Program 
E3: Scheduling and Assignment 
E4: Overall Manpower Planning 


F—Others 
F1: Social Economic Planning 
F2: Urban and Environment Issues 
F3: Agricultural Planning 


A total of 84 example applications has been included 
in this survey. The future research should report more 
on actual firm or institution applications and imple- 
mentations. More research is also needed in exploring 
new application topics such as transfer pricing plan- 
ning, multiperiod planning, capital structure planning, 
long-range capacity planning, allocating marketing 
budget to territories, and joint or cross areas planning. 


A LIST OF GOAL PROGRAMMING 
APPLICATIONS 


A4 Bailey AD, Jr, WJ Boe and T Schnack. “The Audit 
Staff Assignment Problem: A Comment.” The 
Accounting Review July 1974, pp 572-574. 

A3 Blocher E. “Sampling for Integrated Audit Objec- 
tives—A Comment.” The Accounting Review July 
1978, pp 766-772. 
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A k-Partite Assignment Problem 


THE CLASSICAL assignment problem is to find the 
optimal assignment of n agents to n tasks such that 
each agent is assigned to one task and each task is 
assigned to a single agent. The canonical form of the 
problem is 


API 


Minimize ¥ ¥ CX 
i=1 j=l 


subject to 


(AP1.1) 


(AP1.2) 


C;; = cost of assigning agent i to task j, 


a i if agent i is assigned to task j 


“% (0, otherwise. 

A trivial generalization of the assignment problem is 
to assume that the number of available agents (tasks) is 
less than the number of tasks (agents). This generaliz- 
ation can be accommodated by using fictitious agents 
(tasks) and solving the resulting problem as API. 

We consider a generalization of the assignment prob- 
lem as illustrated by the following examples: 

Suppose that each of the n tasks can be performed by 
any one of the k different types of equipments. Further 
p; units of type i equipment are available and 


k 
yx Pi SN. 
i=1 


If it costs C;; to do task j with type i equipment, then 
our objective is to assign the available equipment 
among n tasks such that the total cost is minimized. 
Consider the problem of awarding various types of 
financial aids (p, teaching assistantships, p, research 
assistantships, p3 fellowships, etc.) to n graduate stu- 
dents. Let C;; denote the desirability of awarding type i 
financial aid to student j. If lower values of C ij are More 
desirable than higher values, the objective is to award 
financial aid such that the desirability is maximized. 
Suppose we want to locate k different types of facili- 
ties (say p, health centers, p, hospitals and p; medical 


centers) among 
k 
>) 
i=1 


possible locations. If C,; denotes the cost of locating 
type i facility at location j, then the objective is to build 
facilities such that the total cost is minimized. 

Since the agents can be partitioned into k groups, we 
shall refer to the problem as a k-partite assignment 
problem. 

Ross and Soland [4] proposed a generalization of 
AP! with respect to constraint (AP1.1). In this generali- 
zation each agent can be assigned to several tasks pro- 
vided these tasks do not require more resources than 
are available to the agents. The mathematical program- 


ming formulation of this problem, known as the gener- 
alized assignment problem, is formed by substituting 


AP2 


> Vig Xiy < bi, i= coo R (AP2.1) 
j=1 


for constraint (AP1.1) where y,; represents the resources 
required by agent i to do task j and b; denotes the 
resources available to agent i. If we divide both sides of 
constraint (AP2.1) by b;, the similarity between AP1 
and AP2 is readily evident. This formulation has been 
used for scheduling variable length television/radio 
commercials in time slots. Ross and Soland proposed a 
branch-and-bound algorithm to solve AP2; the bounds 
are obtained by solving the knapsack problems that 
result by relaxation of AP2. 

Suppose the agents can be partitioned into k(>1) 
groups in terms of the cost required to do a task. Let p; 
be the number of available agents in group i, 
i=1,...,k. The mathematical programming formula- 
tion of the problem is. 


AP3 


Minimize ) } C,,Xi; 
i=1 j=1 


subject to 


Y Xij = Pi, i ey (AP3.1) 
j=1 


1, j a (AP3.2) 


i= 
Las 


— 


(AP3.3) 


iM 


~ 
~ 


Xj; = 0 or |, ifm 1...00k. 


Constraint (AP3.1) assures that the number of tasks 
assigned to agents in group i is equal to the number of 
available agents in group i; constraint (AP3.2) assures 
that each task is assigned to at most one agent; con- 
straint (AP3.3) states that the total number of agents is 
less than or equal to the total number of tasks. 

Observe AP3 is a linear 0-1 programming problem 
with positive constraint coefficients. Thus it may be 
solved by implicit enumeration algorithm like Balas’ 
algorithm [1]. Since the constraint matrix of AP3 is 
totally unimodular, it may be more efficient to solve it 
via a linear programming algorithm. Further, by cre- 
ating a dummy group k + | with 


agents, the problem can be formulated as a transporta- 
tion problem and solved by one of several algorithms 
available for a transportation problem. Narula and 
Ogbu [3] recommend solving the Lagrangean dual of 
AP3 by subgradient optimization procedure. 

We used the following three methods to solve the 
k-partite assignment problem: (i) the linear program- 
ming code MINIT of Salazar and Sen [5], (ii) the Ford 
and Fulkerson [2] transportation algorithm, and (iii) 
the subgradient optimization procedure of Narula and 
Ogbu [3]. To compare the computational efficiency of 
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the three procedures, we solved 20 randomly generated _it appears that the linear programming approach has 
problems for k = 2,3 and n = 20,30. The C;; were uni- —_ an edge over the transportation method. 

formly distributed between 0 and 20, the C2; between 

50 and 70 and the C;,; between 100 and 120. The pro- 

cedures were coded in FORTRAN IV for a Cyber 173 REFERENCES 

computer. The average time required to solve problems 


of various sizes appear in Table 1. . Batas E (1965) An additive algorithm for solving 


linear programs with zero—one variables. Ops Res., 
13, 517-546. 

. ForD LR & FULKERSON DR (1962) Flows in 
Networks. Princeton University Press, USA. 

. NaruLa SC & Osu UI A Subgradient Optimiza- 
tion Procedure for the k-Partite Assignment Prob- 
lem. Res. Rep. 37-79-P5. Rensselaer Polytechnic 
Institute, Troy, New York, USA. 

. Ross GT & SOLAND RM (1975) A branch-and- 
pn ro pe bound algorithm for the generalized assignment 
0.097 0.097 0011 problem. Math. Programm., 8, 91-103. 

0.056 0.059 0.007 4 SALAZAR SR & SEN SK (1968) Algorithm 333 minit 

0.06 1 0.077 0.009 algorithm for LP. Communications ACM, 11, 

0.247 0216 0.019 — 

0.186 0.221 0.021 

0.116 0.092 0.009 Subhash Narula 


0.238 0.161 0.015 
0.177 0.179 0.016 Ugonnaya Ogbu 
(July 1979) 


TABLE 1. COMPUTATIONAL RESULTS (CPU SECONDS) 





Trans- 
portation Linear 
code pro- 
(Ford and gramming Sub 
p3; Fulkerson) (Minit) gradient 
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A) 
i) 
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30 
30 
30 
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Rensselaer Polytechnic Institute 
The horse race comparison of the three methods Troy 
shows that the subgradient optimization procedure is New York 12181 
superior to the other two approaches. From the results, USA 





Memoranda 


Allocation Analysis of a Dynamic Distribution Problem 


THIS RESEARCH focuses on a model for allocating 
market demands to facilities over a multiperiod plan- 
ning horizon. Typically, dynamic allocation problems 
in the literature use estimates of market demands in 
each period that are independent of assignments in pre- 
ceding periods. For instance, the dynamic transporta- 
tion problem in [3] and the model for ‘growth paths 
with prespecified market growth rates’ in [1] and [2] 
have this characteristic. In contrast, the model pre- 
sented here is based on the concept that the maximum 
volume that can be supplied in a given period depends 
on the amount allocated to the market by the firm 
during the previous period. 

The practical relevance of allocation-dependent 
demands can be seen by relating this concept to impli- 
cations of market share changes. Rapid increases (from 
one period to the next) in a firm’s share of a market can 
cause substantial reductions in contributions received 
throughout the market due to price or service competi- 
tion. The notion of allocation-dependent demands in 
the model can be viewed as a mechanism for incorpor- 
ating upper bounds on increases in market shares, 
beyond which extreme competitive action is antici- 
pated. By investigating the sensitivity of solutions to 
variations in maximum share increases and correspond- 
ing changes in contributions, the model can assist in 
developing a strategy for timing penetration into 
markets. In [4], an example is explored extensively to 
illustate the potential applicability of the model. 


THE MODEL 


The dynamic allocation model is stated mathemati- 
cally as follows: 


T m n 
Maximize Z7= Y YD ripXin 
t=1 i=1 j= 
subject to 


© 
n 


>, Xue <a, fori=1,2,..., m;t 
jm 


ee ae 


m 


= Xiji < Aji bio + dj; for j = Ney a 
j= 


m 
Dd (xij — Ape Xig.r—1) < i 
i=1 


for fm 12. 405% = 2... 
and, all 


Xije > 0 


where 


"= present value of total contribution received over 
the planning horizon 
= present value of contribution received by supply- 
ing One unit to market j, in period t, from facility i 
i: = number of units available (capacity) at facility i 
in period ft; a;, > 0 
= number of units supplied to market j in the 
period preceding the planning horizon; bj) > 0 
2; = fraction of the quantity allocated to market j in 
period t — | that can be supplied to j in t; 
Ap > 9 


d;, = number of units (in addition to the amount de- 
rived from 4;,) that can be supplied to market j 
in period t, regardless of the quantity allocated 
tojint—1;d; >0 

Xij: = number of units supplied by facility i to market 
j, in period t. 


In this linear program, (1) requires the maximization 
of total contribution received from all allocations over 
the planning horizon. Constraint set (2) enforces ca- 
pacity restrictions at facilities in each period. Upper 
bounds on quantities that can be supplied to markets in 
each period are specified by (3) and (4). In order to state 
the model in standard form, period | constraints are 
specified separately in (3); however, both constraint sets 
have the same structure when the constant hjo is re- 
placed with 


m 
Y Xijo- 
i=1 


The ‘allocation-dependent demand’ concept is con- 
tained in (3) and (4). This notion and its market share 
interpretation now can be explored in greater detail by 
considering the 4;, and dj, parameters in terms of more 
basic problem data. 
Let 
Uj 7 (Sj1-1 = Tj) Dix (5) 
where 


U;, = upper bound on the quantity supplied by the 
firm to market j in period t, beyond which aver- 
age contribution would be reduced 


Sj,1-1 = firm’s share of market j in period t — 1 


I, = Maximum increase in the firm’s share of market j 
between periods t — | and f, before precipitating 
significant retaliation by competitors 

D;, = total quantity demanded by market j in period t. 


The maximum increase in market share, / ,, may consist 
of either or both of two components: one that is a 
portion of the previous market share (J',); one that is 
independent of the previous market share (/j,). Thus, a 
generally applicable definition of J ;, is: 


Tie = Sj-1l i + Tit: (6) 
Since 


Sjr-1 = Y Xije-1/Djr-1, 
i=1 


(3) and (4) restrict supply to a maximum of U;, when: 
Aj = (Dj /Dj1- 1) + Tin), (7) 
and 
dj, = Tj, Dje- (8) 


Considering the fact that Jj, and Ij, are components 
of a maximum increase in market share, it would be 
reasonable to set a lower bound of zero on both of 
these parameters. While such a bound is intuitively 
appealing one exception expands the model’s flexibility. 
If Ij, = —1, the effect of the previous market share on 
U;, is removed and any allowable increase in share can 
be incorporated in Jj. Since the firm’s share of a market 
can not exceed 100% in any period, there are also upper 
bounds on the values of these two parameters. By com- 
pounding maximum possible shares over periods, re- 
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arranging terms and factoring, the following conditions 
can be derived to specify this requirement. 


[bjo/DjoJ (1 + Ij] + I <1 


(bo/Dpl] TI (1 + tn)| 
=1 


for j = 1,2,...,R 


1 t=k+1 


=} t 
+> ral I] a+ ty) + Vn <1 
k= 


ee Sp ee eo” ae 


SOLVING THE MODEL 


A variety of commercial codes could be used for 
practical-sized versions of the model (e.g. LP routines 
in the IBM MPSX and the CDC APEX packages). 
However, under certain circumstances which are speci- 
fied later, there is an alternative to solving the model 
directly as it is formulated. The motivation for using 
this alternate optimizing method would be to reduce 
computational costs or to permit solution of larger 
problems with readily available codes. Further, this 
procedure provides a basis for developing heuristic 
approaches. 

The fundamental notion in this method is that some- 
times portions of the model can be solved as single- 
period problems. If in any period ¢, all r;;, > 0 and 


y an > ¥ (4 Dd Xena + is), 
i=1 j= i=1 


then the optimal solution to the complete model will 
contain the optimal solution to a subproblem for the 
single period t. The rationale for this statement is that 
supplying each market to the extent allowed 


(ie Air >. Xij,t-1 + ay) 
i=1 


is optimal in period t and makes (4) as unrestrictive as 
possible in period t + 1. Also, as will be shown, such 
subproblems have the ‘transportation’ structure, and 
thus can be solved with efficient specialized algorithms. 
With these concepts in mind, the approach is specified 
as follows. 

Let 


Qj = Aj djo + diy 


Qi = (11 in) + D4 (1 india | + dy 


k=1 l=k 


for j = 1,2,...,” 


for j = 1,2,...,n; ¢ = 2,...,T. (10) 
where 


Qj, = maximum quantity that can be allocated to mar- 
ket j in period t, when j is supplied to the extent 
possible in all preceding periods. 


The expression in (10) is derived by compounding 
maximum allocations over periods. Then, a set of con- 
secutive periods, for which single-period subproblems 
can be used is defined by: 


W= {8 2,...,¢’ Jall Vije > 0 and ? ay, > * Qn, 
j=1 


i=1 
for t= heath (11) 
For each te W, the optimal solution to the following 


transportation problem is part of the optimal solution 
to the complete model. 


Maximize Z,= > > rijeXije (12) 
i=1 j=1 


subject to 


Xije < Ai for i = | 


Xije = Die for j= 1,2,...,n 
1 


and, all 
Xi 2 0 
where 


Z, = present value of the total contribution received 
in period t. The multiperiod LP for the 
remainder of the planning horizon (t > 1’) is: 


¥ m n 
Maximize Z?= Y }¥ 


t=+1 i=1 j= 


(15) 


VijeXije 
1 


subject to 
a 


> Xije S Gig 


= for i= 1,2,...,m;t=¢ +1,...,T (16) 


oY Xiyeta S Agee: Qe + Aer 


for j= 1,2,...," (17) 


x (Xije — AjeXij.e—1) < je 


for j= 1,2,....n;¢=¢+2,...,T (18) 


and, all 
Xije 2 0 
where 


ZI] = present value of the total contribution received 
in all periods after ¢’. 


It should be noted that, if t’ = T-1, there are no con- 
straints in (18) and (15) to (17) is a transportation 
problem. 

The extent of the computational savings with this 
approach depends on the number of periods in W. 

When W = {9}, the method is not applicable; when 
t' > T — 1, maximum computational savings are poss- 
ible. For more likely cases between these extremes, 
the advantage is in solving t’ transportation problems 
(size m+n by m-n) and a linear program (size 
{[m + n][T — t’] by m-n{T — t’]), rather than solving 
one large linear program (size[m + n]T by m-n-T). 

The method presented here requires W to begin with 
period 1 in order to guarantee an optimal solution. 
Otherwise, the optimal ‘demands’ in (14) are not known 
for the first transportation problem in the sequence. 
Nevertheless, the notion of using single-period trans- 
portation problems forms a basis for developing heur- 
istic procedures that apply under relaxed conditions. 
Consider a case in which one or more sets W’ exist 
where: 


W’ = {eset all Vij 2 0 and > ai, 2 » Qin 
j=1 


i=1 
fort=t’,....¢0: 0 # i (19) 


Under these circumstances, the model could be solved 
by alternating between multiperiod linear programs 
and sequences of transportation problems. The connec- 
tions would be made by using allocation decisions for 
the final period of an LP to determine maximum quan- 
tities that could be supplied in period t”. Then, these 
quantities would be compounded (using the process 
underlying (10)) over periods t” +1 to ¢’ for the 
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remaining transportation problems in the sequence. 
The link to the next LP would be established by com- 
pounding maximum allocations one further step into 
period t’ + 1. 

Given this general structure, the crucial question in 
formulating a specific procedure is: to what extent 
should various allocation requirements in the periods 
t” — 1 be examined in an attempt to find improved 
solutions? This question can be answered only with 
reference to particulars of any application. Consider- 
ation must be given to potential computational savings 
relative to available options for optimizing. Also, the 
effect of solution ‘quality’ on the usefulness of sensi- 
tivity analysis should be evaluated. 


EXTENSIONS OF THE MODEL 


The model (1) to (4) can be extended in a number of 
ways to increase the scope of its applicability. Two 
potentially important extensions are given here. First, it 
may be desirable to specify certain total allocations to 
each market in the final period of the planning horizon. 
This requirement would be appropriate when the 
situation involves a_ transitional time interval 
(1 <t < T — 1), followed by an unspecified but lengthy 
term (T, T + 1,...) during which all problem charac- 
teristics are expected to be stationary. In these circum- 
stances, the objective of the analysis would be to de- 
velop a strategy to achieve a stated goal for the station- 
ary period, while maximizing contributions over the 
transitional interval. For this case, the following con- 
straint set would be added to the model. 


(20) 


Y xigr = dir for j = 1,2,...,n 
i=1 


where 


b;r = number of units that must be supplied to market 
jin period T. 


Alternately, if the duration of the stationary period can 
be predicted, the original model can be used by inter- 
preting all r;;7 as contributions from allocations over 
the entire stationary period. 

Second, the scope of the model can be increased by 
generalizing the ‘allocation-dependent demand’ con- 
cept. The model assumes that allowable increases in 
market shares are related only to individual markets 
and to pairs of consecutive periods. In some appli- 
cations, it may be appropriate also to restrict increases 
over groups of markets and/or over longer time inter- 
vals. Such restrictions can be treated with the con- 
straint structure of (3) and (4). 


Considering (3) and (4) as one constraint set 


(ie bio = sp) 


i=1 
a generalization of this set is: 


YY Cpu — AspXiy. se) < bop 


i=1 jeJ, 


for's = 1,)2,..:,@3 p= 1,2,...,h. (21) 
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where 


J, = s'th subset of {1,2,...,n} 
f(p) = first period in the p’th range of periods 
Kp) = last period in the p’th range of periods 


Asp = fraction of the quantity allocated to all markets 
jéJ, in period f(p), that can be supplied to all 
je J, in Kp); Ay, > 0 

d,, = number of units (in addition to the amount de- 
rived from 4;,) that can be supplied to all mar- 
kets je J, in period U(p), regardless of the quan- 
tity allocated to all je J, in f(p); d,, > 0. 


Equations (5) to (8) would be generalized accordingly 
with j replaced by J, and t, t — 1 replaced by ((p), f(p). 
In the original model, (3) and (4) are (21) where q = n, 
J, = (s}|, h= T, f(p) = p — 1 and ((p) = p. To add a 
restriction on share increase over all markets collect- 
ively during the entire planning horizon, the structure 
of (21) would be used with J, = {1,2,...,n}, f(p) =0 


- ‘and I(p) = T. The flexibility afforded by this generaliz- 


ation can be indicated by noting that subsets J, need 
not be mutually exclusive, and that the ranges p can 
overlap to the extent desired. 
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EDITORIAL 


A Challenge to Planning 


Dear Professor Opal, 

At our recent discussion on forecasting and planning, you asked me 
to expand on certain current attitudes that, in my view, can be rather 
damaging to strategy formulation in industrial enterprises. 

In an editorial entitied “Better than the Oracle?”, published some 
time ago [5], Eilon takes to task followers of the Delphi method of 
forecasting. Essentially, he argues that the method, which is based on 
producing a consensus among experts about likely trends and future 
events, is devoid of any theoretical foundation, so that the outcome of 
a Delphi exercise cannot be regarded as being any better than an 
inspired guess. The fact that it is the result of a sequential process 
involving a group of people rather than a single individual does not, 
in Eilon’s view, make the final forecast more accurate or more plaus- 
ible; it only makes it more acceptable, since the iterative nature of the 
method leads to convergence, with extreme forecasts being continuously 
modified to reflect greater acquiescence with the mainstream view of 
the group. Thus, it is conceivable that the final outcome, which rep- 
resents the pooled wisdom of several experts after due feedback from 
each other and after further reflection, would be less accurate than the 
initial extreme view of a single expert. 

These theoretical arguments sound convincing enough, but there are 
other issues to consider. We start with the proposition that the pur- 
pose of producing a forecast is to feed it into a corporate planning 
model in order to guide the future activities of a particular enterprise. 
The results of the corporate model can only be as good as the assump- 
tions on which it is based and the data fed into it, hence the need for 
good forecasts. If in given circumstances a better forecasting method is 
available than the Delphi method, it would obviously be folly to 
employ an inferior tool. Delphi comes particularly into its own either 
when the alternatives are no better or when they would be too costly 
and/or too time-consuming to use. But even when other methods are 
in use, Delphi can be invaluable as a double check. Thus, it is not 
necessarily a method of the last resort, to which managers have to turn 
in desperation if everything else fails. Irrespective of whether it rests on 
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a sound theoretical foundation or not, it does work, and that is what 
matters. Furthermore, as Eilon admits, the emergence of a consensus 
among managers as to what the future may entail has many positive 
attributes in improving communications and in making executives feel 
more committed to the final outcome than to a forecast produced by 
others. 

There are, therefore, all these very good reasons why the Delphi 
method should not be rejected out of hand. And there is yet another, 
even more crucial (and which Eilon seems to gloss over), namely that if 
Delphi is deemed unacceptable even when no other forecasting 
method is regarded as adequate, then the whole planning process is as 
good as dead, since planning without forecasting is devoid of meaning. 
Can this possibly be an acceptable state of affairs for an enterprise, to 
abolish planning altogether? 

That such a line of argument has its supporters has become evident 
even'to that great pundit of planning, Igor Ansoff, and I can do no 
better than quote from a recent article of his [3]: Long range planning 
“is based on an underlying assumption that the developments of the 
past are reliable indicators of the trends of the future. Therefore, such 
plans typically start with a forecast. This forecast may be a summary 
of expert opinions of the firm’s marketeers, or a sophisticated com- 
puter projection of the historical developments, but, in either case, it 
extrapolates the past into the future. On the basis of this forecast, goals 
are established, programmes are identified, and budgets are projected. 
I think it is clear that when the future is foggy and uncertain and there 
is the highest likelihood that this future will not be a simple continua- 
tion of the past, this type of planning becomes not only unrealistic and 
wasteful, but actually dangerous to the future survival of the firm. For 
it gives managers a false reassurance of certainty and stability when 
they do not exist; it lulls management into a false sense of security, and 
it puts the firm on ‘inflexible rails’ from which it will be difficult to 
depart when future reality shows that these rails lead to disaster”. 

But these dangers only exist when management persists in maintain- 
ing an old-fashioned attitude to planning, expecting it to produce a 
blueprint for the future activities of the firm, a set of inflexible rails on 
which the firm must unhesitatingly travel at full speed. Such an image 
of planning is indeed dangerous, but the modern approach to planning 
is able to survive these charges of rigid dogmatism, because it embo- 
dies two important principles: adaptiveness, and an emphasis on the 
process of planning. The first relates to the proposition that a corporate 
plan maps out activities on a time scale, but that only the immediate 
future is regarded by management as binding, whereas what is planned 
for the medium and particularly for the long term is a provisional 
scheme, subject to further examination and amendment in the light of 
new information. This principle requires you to put into action only 
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what you have to, leaving open as many options as possible, so that an 
analysis of these options is not carried out once and for all, but 
becomes a recurring activity. 

The second principle is perhaps even more important and is often 
highlighted by Ackoff [1], namely that in planning what is found to be 
so fruitful is the process, not so much the product. The planning ac- 
tivity, like any other, needs to culminate in an end product; in the case 
of planning it is the corporate plan. But the end product is not necess- 
arily the prime purpose of the activity. Many people play games 
because they enjoy the challenge and the excitement, and for them the 
outcome may be quite secondary. Thus, the process of planning should 
be recognized as an objective in its own right, in that it provides a 
structured framework for managers to participate in discussions and to 
contribute to the formulation of policy, so that the shortcomings of the 
corporate plan stemming from inadequate forecasts become imma- 
terial. The effectiveness of the planning exercise would then be judged 
on what the process manages to achieve, on whether it sharpens the 
perception of executives as to the tasks of the enterprise and their own 
roles in the scheme of things. The degree of accuracy of forecasts and 
future scenarios on which the planning process is based is obviously of 
interest to those involved, but irrelevant in the evaluation of the pro- 
cess. 

Thus, we must not dismiss any technique, if by doing so we are 
likely to undermine the planning function, which is undoubtedly indis- 
pensable to the management of an enterprise; to quote Ackoff [1], 
“The need for corporate planning is so obvious”... it “is something we 
do in advance of taking action, that is, it is anticipatory decision mak- 
ing. It is a process of deciding what to do and how to do it before 
action is required.” And to conclude with Drucker on strategic plan- 
ning [4]: “It is the continuous process of making present entrepreneur- 
ial (risk taking) decisions systematically and with the greatest knowl- 
edge of their futurity; organizing systematically the efforts needed to 
carry out these decisions; and measuring the results of these decisions 
against the expectations through organized, systematic feedback”. 


HI Rantoff 
Delphi 
Greece 


Dear Professor Rantoff, 

Your blind support for the concept of planning will not do. You 
quote Ansoff’s warning that forecasts are invariably extrapolations 
based on historical trends and that planning can lull management into” 
a false sense of security, only to be rudely shattered when the unex- 
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pected suddenly happens. For a moment I thought that you changed 
sides, since these are precisely the sentiments expressed by those who 
have become rather cynical about the benefits of the planning process. 
And yet, having stated this serious indictment of planning, you follow 
Ansoff in this extraordinary mental jump by postulating that it is 
indispensable. I would have thought that if you consider a drug pre- 
scribed to a patient to be too dangerous, you should not prescribe it at 
all. 

A senior executive of a Dutch company was recently reported to 
have said [6]: “Planning is just a waste of time nowadays—especially 
so-called strategic planning. In today’s world there is no point looking 
further forward than a one or two-year budget. Anything longer-term 
is just not worth the paper it is written on.” What you have to recog- 
nize is that this is now such a wide-spread belief, that sheer exhorta- 
tion to invest in planning is increasingly likely to fall on deaf ears. 

Admittedly, as Lorenz says [6], “what every top manager wants to 
learn is how best to cope with the increasing pressures of today’s 
business environment, and in particular with the unprecedented uncer- 
tainty caused by a long list of factors: see-sawing inflation and 
exchange rates, stagnant economic growth, increasing competition, 
mushrooming government regulations, and the growing politicisation 
of relationships with customers and suppliers”. Of course, every 
manager longs to be in that enviable position. But if planning cannot 
deliver the goods, then no amount of faith in its alleged miraculous 
powers will endow it with attributes that it does not have. 

We are both agreed that forecasting is a pre-requisite for the plan- 
ning process. As we look into the future, we may postulate that future 
events either stem from past developments or that they represent ran- 
dom discrete departures from past trends. The latter are, by their very 
nature, not forecastable. For example, a sudden political flare-up in 
some part of the world, leading to major shifts in exchange rates and 
commodity prices, is not an event that can be predicted by forecasting 
procedures based on rational analysis. Similarly, the surprise appear- 
ance of a threatening new product or substitute material may con- 
found even management with the keenest knowledge and understand- 
ing of the market place. There is no way that a firm can be prepared to 
meet every conceivable eventuality, particularly when the type of 
events that I refer to cannot be conceived of in the first place (and this 
means that contingency planning, which some planners advocate, also 
has its limitations). 

This leaves us with the category of future events that may be 
regarded as extrapolations from the past, and here we have a plethora 
of forecasting techniques to choose from. Some are based on statistical 
analysis, trying to detect particular characteristics in past time-series 
from which inferences may be drawn about future patterns; others aim 





Omega, Vol. 8, No. 2 131 


at establishing relationships, with time lags if possible, between the 
variables that we wish to forecast and others that at any given time are 
already known, or whose values are easier to determine. 

Now, you argue that because of the variety of the methods that may 
be employed, and presumably because not one single method has 
clearly demonstrated its infallibility (otherwise, the problem would not 
have arisen), it is prudent to use several as a check against each other, 
before a final forecast or sets of forecasts are adopted. I certainly do 
not quarrel with this idea, but apart from the costs involved in such an 
extra effort you need ultimately to decide which of the final results to 
believe. This problem arises, of course, whether Delphi is selected as 
one of the methods or not. The criticism of Delphi, as I understand it, 
is that since it is embedded in the individual experience of the fore- 
casters taking part, their ability to extrapolate the future need not be 
superior to that of various analytical tools, except when the individuals 
concerned have an uncanny intuition that for some reason never fails 
and yet cannot be formalized. The question, then, is whether you are 
prepared to rely on such intuition when deciding to commit future 
resources of the firm. For my part, I need (a) to have evidence of the 
superior results of Delphi as a forecasting tool compared with other 
methods, and (b) to have a better understanding of the reasons for its 
performance being superior (if it is), before I can endorse it as whole- 
heartedly as you seem to. 

But I must emphasize that the criticism of the current state of plan- 
ning does not solely depend on attitudes towards Delphi, which in this 
context is no more than a characteristic example to highlight the 
shortcomings of all forecasting methods to provide sufficiently good 
results for managerial purposes, and alas analytical tools do not 
always fare much better. Take the well-known case of trying to fore- 
cast future demand for electricity based on past consumption figures. 
Since several alternative trend lines can be adequately fitted to the 
data, they generate several forecasts of demand, say, in 8 to 10 years’ 
time, which is the order of magnitude of the lead time needed to 
design, build and commission a new power station. But the differences 
between the alternative forecasts may be sufficiently wide to question 
whether another power station will be required or not. Or take the 
forecast made by Ciba-Geigy in 1969 for future group sales, the extra- 
polated curve suggesting that sales would reach 20 billion Swiss 
Francs by 1978, whereas actual sales levelled off rapidly to less than 
half that figure. Could anyone in 1970 forecast the price of gold in 
1980, the price of copper, the exchange rate for Sterling-US Dollar- 
German Mark? It is such examples, involving medium and long term 
decisions with massive financial resources, that amply demonstrate 
how planning has so often failed and explains its fading credibility. 

I come now to your point that it is the process, not the product, that 
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matters. It would be foolish to deny that any exercise in which people 
get actively involved, exchange views and participate in formulating 
future actions, can be anything but fruitful (on the assumption that the 
participants are not bloody-minded, that they are not just power- 
seekers, and that they genuinely welcome collaboration). Is it necess- 
ary, though, to pursue these desiderata through planning? Managers 
can be made to interact through committees, seminars, ad hoc educa- 
tional programmes, business games, even social functions and, perhaps 
most important, through job rotation. In short, any activity in which 
people have a common interest can be used to bring them together. 

Planning is undeniably such an activity. But its disadvantage in this 
context is that it does have an end product, and that the participants 
do take it too seriously and become over-committed to it. You 
therefore have to weigh the benefits against the disbenefits, and even 
when you are certain that the balance is favourable, you must not 
conclude that planning is the only, or necessarily the best, activity for 
involving managers and fostering collaboration. 

As for myself, I am not opposed to planning as such, but I advocate 
a pragmatic approach: Short term planning, say up to a year or two, is 
obviously necessary, but planning for a more distant horizon has just 
not come up to stratch. The world has become too uncertain and our 
tools have remained lamentably crude, so that more and more senior 
managers have become increasingly disenchanted with what current 
planning techniques can offer. We should be aware of their criticisms 


and not merely dismiss them as being obdurate or old-fashioned. 


S Opal 
The Serpentine 
Kensington 


Dear Professor Opal, 

Your seemingly cool and rational analysis suffers from several weak- 
nesses and inconsistencies. I do not propose to go through every sen- 
tence of your rather negative exposition in order to point them all out, 
but there are several issues that I must single out for comment. 

On Delphi you use a medical analogy and question whether a drug 
that is considered to be dangerous should be prescribed at all. But that 
is precisely what doctors do all the time. If they believe that without 
the drug the patient’s health would be in serious jeopardy, they have to 
take the risk. Indeed, many medical practitioners will readily concede 
that to a greater or lesser degree all drugs are dangerous, but this does 
not prevent the pharmaceutical industry from flourishing and—on the 
whole—from doing good. Thus, although we should not be blind to 
the dangers involved, they do not a priori invalidate the treatment. 
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You further argue that even mathematical forecasting techniques 
can produce diverging answers, as in the example of demand for elec- 
tricity, and this clearly demonstrates the shortcomings that can be 
highlighted in relation to any particular technique that is proposed. If 
the implication of what you say is that it is often impossible to state 
categorically which forecasting method is superior, then it follows that 
alternative techniques need to be employed and you must be consis- 
tent and concede that Delphi has as good a claim as any of the others. 
We therefore need not prove that it is better than others, only that it is 
not consistently worse. 

But I agree with you that Delphi is only a side show in this debate, 
which is concerned with planning and its attributes. The main thrust of 
your argument is that planning has largely failed; I hope you will 
agree that evidence—other than some impassioned speeches at 
conferences—is needed before we can accept such a bold statement. Is 
it the case that closures of planning departments on a massive scale 
have taken place in recent years, or that recruitment of planners has 
come to a halt, or that budgets of planning departments have declined? 
If there are statistics to test such hypotheses, then I have not seen 
them. 

Clearly, uncertainty is at the root of it all. The more volatile the 
economic climate, the less the likelihood is that the scenario presented 
in a corporate plan will in fact materialize. But uncertainty is a pervad- 
ing characteristic of everyday life; it does not prevent people from 
going to work, from marrying, from making future commitments, in 
short from making decisions that are likely to affect their personal 
well-being, in spite of the uncertainties involved. And the same conclu- 
sion must be true about organizations and industrial enterprises. The 
day we stop making decisions we are dead. And making decisions 
implies assumptions about the future, hence planning is both essential 
and inevitable. 

You argue that while short term planning for one or two years is 
quite proper, it is planning for the longer term that is suspect. But the 
very example that you cite, namely the construction of power stations 
with lead times of 8-10 years, illustrates circumstances where you 
cannot wait with your decision until one or two years prior to the 
event. And if a decision has to be taken 8-10 years in advance, you 
must presumably make it on the best information and assumptions 
available at the time. That is precisely what planning is all about. 

To counter the many shortcomings and difficulties which you as- 
sociate with the planning function (and I alluded to some myself in my 
first letter), we should not throw out the baby with the bath water, but 
so adapt the planning process that it can become effective and meet 
our needs. And as you survey the development of this function over 
the years you find that [3] the 1950s may be regarded as the era of 
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long-range planning, the 1960s as that of strategic planning and the 
1970s as that of strategic management, with the 1980s yet to come. This 
process of development suggests that with experience the planning 
function continues to adapt to the changing environment and is in 
constant search of an effective role. It is noteworthy that even Ansoffs 
book ‘Strategic Planning’ [2], published in 1965, does not labour on 
forecasting or planning as such but concentrates on problems of 
strategy, which the more recent label strategic management seeks to 
underline. 

To conclude, planning is not dead and it is not under threat. It is 
sound and thriving, it is vital for any organization, its role is too 
important to be undermined by theoretical quibbles on the weakness 
of particular forecasting methods, and it needs all the support it can 
get. 


HI Rantoff 


Dear Professor Rantoff, 

It was good of you to respond so comprehensively. First, let me say 
that I do not accept the charge of inconsistency in my position, while I 
certainly perceive several inconsistencies in yours. Take, for example, 
your concluding sentence in which you claim that the planning func- 
tion is sound and thriving and yet you appeal for “all the support it 
can get” and of which it is evidently in dire need. If it is as strong as 
you suggest, then such appeals should be superfluous, since its status 
and indispensability would automatically be secured by its alleged 
strength and contribution. 

I could similarly dissect other passages in your text to demonstrate 
that certain strands of your case simply do not hold together, but this 
would be a cheap device that I shall not stoop to embrace. 

I must, however, react to your assertion that planning has, over the 
years, become more responsive to the needs of management and to the 
pressure of the business environment, and you proceed to characterize 
the last three decades as those of long-range planning, strategic planning 
and strategic management respectively. I find this argument difficult to 
accept. If you examine what the planning pundits were saying in each 
of these decades, you will conclude that they were concerned with very 
much the same issues. There is little in Ansoff’s book of 1965 that he 
and his disciples would not echo today [2], except that with more 
experience they would now express it more cautiously and more ele- 
gantly. It was only recently [3] that Ansoff argued that “strategic 
management is now replacing strategic planning to describe these 
related activites: (1) planning what the firm will do in the environment; 
(2) planning the capability of the firm; and (3) converting (implement- 
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Your argument 


It is impossible to forecast an uncertain future, but 
it is better to use some forecasts than none at all. 


Delphi is an impressive and reliable forecasting 
tool. It should be used in addition to other 
methods as a further check on their results. 


Planning is indispensable for the firm. 


Any plan is better than no plan. 


All planning, and plans, must be adaptive. 


All actions in an enterprise are based on explicit or 
implicit planning. 


In spite of uncertainties in the economic and 
industrial environment, decisions have to be made, 
and inevitably they rest on assumptions. 


There is no evidence of disenchantment with plan- 
ning. 


We must support and maintain the planning func- 
tion at all cost. 


The process of planning is more important and 
more fruitful than the resultant plan itself. 


The planning function is constantly improving and 
adjusting to meet new challenges. Hence long- 
range planning of the 1950s developed into strate- 
gic planning of the 1960s and matured: into strate- 
gic management of the 1970s. 


We must not relinquish our efforts to improve the 
planning function and make it more effective as a 
central tool of management. 


My position 


Poor forecasts are misleading and dangerous; if a 
forecasting method is constantly off the mark, it 
should be abandoned. No forecast is better than a 
poor forecast. 


There is no evidence of Delphi’s accuracy or re- 
liability. If used in parallel to other methods, 
which forecast is to be adopted? If Delphi is to 
dominate, why employ other methods? 


Short term planning is essential, and a firm claim- 
ing that it does not plan at all either does not 
realize that planning is implied in its daily activi- 
ties or it may get into serious difficulties. Long 
term planning is desirable, but not indispensable. 


A plan based on wrong premises can cause more 
harm than good. 


Agreed. 


Actions can be divided into two categories: Reac- 
tive and proactive. The former is in response to 
new circumstance; the latter involves the anticipa- 
tion of events and it is this category that is based 
on planning. 


Agreed. 


Pronouncements by managers suggest that such 
disenchantment does exist. 


Planning mist prove itself as a means of effectively 
aiding managerial decisions regarding future dis- 
position of resources. It must, therefore, be under 
constant and critical review. 


The process is undoubtedly useful, but it is not a 
sufficient justification for the planning function; 
the product of this process must also have a posi- 
tive and substantive value. 


Twaddle. They are all the same under different 
guises. If a new label helps to market the product, 
so be it; but a change of label does not in itself 
change the contents. 


Agreed. 
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ing) these plans into reality”. But is this not what planning always 
aspired to do, in the 1960s, in the 1950s, and even earlier as well? The 
introduction of an alluring new name for an old activity to enhance its 
status may be tactically justified, but it is no proof of a change in 
orientation. 

Clearly, there are issues on which we agree and others on which we 
do not. Because of the many diverse arguments that have been put 
forward, it would be difficult to summarize the differences between us 
in a short paragraph. I have, therefore, attempted to juxtapose the 
arguments in the accompanying table, in which twelve statements 
highlight some of your major arguments with my rejoinders alongside. 
I hope you will agree that this is a fair summary. 


S Opal 


Dear Professor Opal, 

I am grateful for your effort. Your table is a useful guide as to where 
our views diverge. Although I believe that you resort to a somewhat 
harsher language in stating my case than yours, and although I would 
have used a different turn of phrase on occasion, I would not dissent 
from the proposition that the table is a relatively fair summary. 


HI Rantoff 
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A coin has two sides. Both belong to the same entity, but each tells a 
different story. You cannot reconcile them, since by flipping the coin 
you guarantee that one side will dominate the other. But when you see 
the one, remember that the other is not far behind. 


SAMUEL EILON 
Chief Editor 
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This research was motivated by a recurring management problem of a large service organization in 
Philadelphia. The problem concerns the contraction of service facilities. Typically, management 
decisions of this type and magnitude affect the entire management hierarchy. Each manager in the 
hierarchy may have several objectives with respect to the problem. The perspective of each manager 
can contribute to the decision-making process by providing additional insight into both (a) what 
should be done and (b) the resistance to implementation which may result. Thus the output of this 
research is not a solution to a particular problem but rather a process for providing critical informa- 
tion for decisions of this type. This paper generalizes the information gathering process and presents 
the results of eliciting objectives from managers, formalizing objectives into measurable attributes, 
and interacting with the decision makers to use their implicit preference relationships over the set of 
Pareto-optimal alternatives. Intuitively, the procedure is appealing as it is flexible enough to allow 
formal input from all pertinent decision makers in the organization, it is hierarchically consistent, it 
is politically acceptable, and it is not cumbersome to apply. 


INTRODUCTION as, for example, in Bialas and Karwan [2]. 
Ruefli [16] has developed a generalized goal 
decomposition model which allows coordina- 
tion of goals between a central coordinating 
unit and operating departments of an organiza- 
tion. This concept was further extended in a 
paper by Davis and Talavage [6]. Geoffrion 
and Hogan [9] propose an interactive pro- 
cedure for coordinating two-level organizations 
with multiple objectives. The Geoffrion—Hogan 
approach requires a coordinator, responsible 
for the objectives and decision variables of the 
organization as a whole, who iteratively seeks a 
series of marginal tradeoffs from the second 
level units, which are in turn responsible for 
other decision variables. This approach is a 
generalization of the Frank—Wolfe algorithm 
for convex programming. 


THIS PAPER presents a process for arriving at 
a compromise solution to a problem character- 
ized by a hierarchy of decision makers each 
having multiple objectives. We present the 
results of a process for eliciting objectives from 
managers, formalizing objectives into measur- 
able attributes, and interacting with the deci- 
sion makers to utilize their implicit preferences 
over the set of Pareto-optimal alternatives. 

The literature is rich with applications and 
methods for multicriteria decision making 
(MCDM) in which a single individual or group 
act with respect to a single set of objectives. 
For example, [4,5,10,14] all deal with 
MCDM applications. 

There are also several approaches for dealing 


with the coordination of various levels in a 
hierarchy. Most of these approaches do not 
allow multiple objectives at the various levels 


Our approach is similar in that we can 
include several decision makers at various 
organizational levels, each having multiple 
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objectives. The problem which we address, 
however, is such that all decision variables are 
controlled by the manager at the top of the 
hierarchy. Our approach does not require a 
priori tradeoff assessment. Instead, tradeoffs are 
indirectly used (within the Pareto-optimal set 
of alternatives) to interactively determine the 
alternative which best satisfies the preferences 
of the decision makers. 


PROBLEM SCENARIO 


The application provides an interesting sce- 
nario which serves to typify the type of prob- 
lem that we are addressing. We are not at 
liberty to discuss the specifics of the problem as 
it pertains to our client; thus we will generalize 
the experience. 

The XYZ Company is a large service organi- 
zation in the Philadelphia area. The project 
involved in their retail service organization, 
which provides a variety of retail services to 
the general consumer and to small business 
consumers. Competition is keen and is such 
that service portfolios are very similar among 
industry members; customers are attracted 
largely as a result of facility convenience and 
service quality. The industry is traditionally 


labor intensive. Capital investment is largely in 
physical facilities, i.e. branches, from which the 
organization provides services. As is the case in 
many businesses, viability of XYZ’s operation 
is highly dependent on the local and national 
economy. During the 1960s and early ’70s, the 


XYZ Company invested heavily in new 
branches, expecting the then bright economic 
conditions and growth to continue into the for- 
seeable future. Economic fluctuations since 
that time have left the XYZ Company in the 
undesirable position of having branches which 
are weak in their local markets. At the same 
time, the competitive environment is such that 
XYZ is reluctant to close branches since the 
company is deeply concerned with overall mar- 
ket share. 

Several executive brainstorming sessions 
produced a tentative scenario which could 
potentially enhance service quality, maintain a 
large share of the current market and reduce 
expenses: consider a small cluster of geographi- 
cally close branches, rather than each indivi- 
dual branch, to be the basic unit of service. 
Thus among the range of services offered by 
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the XYZ Company, all services would be 
offered within a geographic cluster of facilities 
but not necessarily at each facility. 

Further discussions with management indi- 
cated that we might consider four different 
status levels for an individual branch, including 
full service capability (status quo), closure, and 
two intermediate service levels. 

The divisional director is the individual ulti- 
mately responsible for the decision concerning 
the configuration of service clusters. However, 
before making a decision the divisional 
manager requires input from the area and 
regional directors concerning regional direc- 
tion and market considerations. The regional 
directors in turn rely on the facility managers 
to help understand the nuances of their 
regions. Each manager at the various levels in 
the XYZ Company has several objectives with 
respect to his or her facility, region, or division. 
Facility configuration decisions will affect each 
of them and their ability to conduct business. 
Thus each manager’s input is felt to be an 
essential part of the decision making process. 


THE MI/MCDM PROCESS 


The problem involves multiple independent 
(MI) managers having independent, multiple- 
objective-based input into a multiple criteria 
decision making (MCDM) process. Although 
the managers are hierarchically related with re- 
spect to management responsibility, each has 
an independent viewpoint on the problem and 
each has specific operational responsibilities. 
The MI/MCDM process is interactive, i.e. it 
deals directly with the decision makers at each 
step for input, verification, and validation of 
the model components. 

We use the terminology of Keeney and 
Raiffa [11] and define objectives as manage- 
ment directions, and attributes as measurable 
characteristics of objectives relating to one or 
more decision variables. 

There are at least two different approaches 
to solving MCDM problems. Ultimately the 
decision maker must consider tradeoffs among 
either the objectives and attributes or among 
possible alternatives. Tradeoffs among objec- 
tives or attributes may take several forms. Uti- 
lity assessment (Keeney and Raiffa [11]), lexi- 
cograph ordering (Lee [12]), and interactive 
tradeoff assessment (Zionts and Wallenius 
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[20]) are approaches which consider direct 
tradeoffs among objectives or attributes. On 
the other hand, other approaches (Zeleny [19] 
or Evans and Steuer [8]) use attributes to di- 
rectly determine a set of efficient solutions to 
the problem. An efficient solution is one which 
is Pareto-optimal with respect to the set of 
attributes. 

The MI/MCDM process extends the concept 
of MCDM to include the multiple objective 
based perspective of more than a single deci- 
sion making entity in various positions in the 
organizational hierarchy. Each decision mak- 
ing entity undergoes an interactive decision 
process to bring its implicit preferences to bear 
on the set of efficient alternatives. The pre- 
ferred alternative is denoted as a decision pos- 
ition. The decision position of each manager in 
the hierarchy is used as input to refine the deci- 
sion positions of the other managers. The final 
compromise solution to the problem is 
determined by the top level manager(s) after 
considering the hierarchy of objectives and 
decision positions. 

The efficient alternatives presented to the 
decision maker have associated with them the 
respective values of the attributes. Objectives/ 
attributes are at a level of abstraction removed 
from the operation of an organization and 
therefore more difficult for many managers to 
consider. Since the XYZ Company’s problem 
encompasses only discrete decision variables, 
the process considers all efficient alternatives, 
in contrast to a continuous variable problem 
which usually necessitates consideration of an 
infinite set of alternatives. 

This approach allows the decision makers to 
think in terms of alternatives and their associ- 
ated attribute levels, rather than strictly in 
terms of attributes, as is the case in a priori 
tradeoff assessment. In addition, the interactive 
process minimizes the amount of time required 
of the participants to evaluate tradeoffs, by 
considering only the set of efficient alternatives. 

The decision maker who is ultimately re- 
sponsible for the decision is referred to as the 
top decision maker. 

The MI/MCDM process, which evolved 
through work with the XYZ Company, is out- 
lined below as a sequence of seven steps. Steps 
1, 2 and 3 require substantial input from the 
managers in the organization to establish their 
perceived objectives and constraints. This part 
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of the process need only be repeated as condi- 
tions and perceptions within the organization 
change to the extent that the formulation is no 
longer valid. The remaining steps are imple- 
mented on a continuing basis each time a deci- 
sion concerning a contraction of the branch 
system is considered. 

Step 1. Identify the top decision maker and 
other decision makers in the organization 
whose input into the problem is relevant. These 
decision makers will be said to define the deci- 
sion hierarchy. 

Step 2. Assess management objectives of 
each decision maker in the decision hierarchy. 

Step 3. Formulate a hierarchy of objectives, 
attributes, and constraints. 

Step 4. Determine the set of efficient solu- 
tions or alternatives for each decision maker. 

Step 5. Interact with each decision maker to 
eliminate alternatives which are implicitly 
dominated by other alternatives. The remain- 
ing alternative will be denoted as their decision 
position. 

Step 6. Using the pertinent input from other 
decision makers, further refine the decision 
positions. The additional information can be 
easily related via short descriptive scenarios. 

Step 7. Finally, a group discussion, centered 
on the short descriptive position scenarios, is 
arranged to allow the upper level decision 
makers an opportunity to defend their position 
and the rationale motivating their judgement. 
A final compromise alternative is chosen by the 
top decision maker thus armed with the infor- 
mation from his subordinates. 

The final outcome preferred by the top de- 
cision maker is a solution which considers not 
only the objectives of the top decision maker 
but also the positions of other important 
decision makers in the organization. Each de- 
cision maker can implicitly control the extent 
to which it is necessary. and pertinent to con- 
sider the positions of the others. 

Each step will now be described in detail. 


STEP 1: IDENTIFY DECISION MAKERS 


In order to initiate the problem-solving pro- 
cess, it is necessary to determine which indivi- 
duals in the organization have ultimate re- 
sponsibility for solving the problem. As stated 
previously, this individual or group is referred 
to as the top decision maker. For a given prob- 
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lem, the top decision maker may require input 
from several other members of the organiza- 
tion, which are denoted simply as decision 
makers. These decision makers may in turn 
require input from other decision makers, and 
so forth. The entire set of decision makers so 
identified will be said to form the decision hier- 
archy. 


STEP 2: ASSESS MANAGEMENT 
OBJECTIVES 


After mapping the appropriate decision 
makers, it is necessary to determine the man- 
agement objectives of each decision maker. 
The study with the XYZ Company involved 
some 75 fourth level decision makers, two 
regional directors as third level decision 
makers, two second level area directors, and 
the divisional director as top decision maker. 
Two techniques, which have been effective in 
eliciting management objectives in two very 
different situations, evolved out of the work 
with the XYZ Company. The first, which will 
be denoted as large-scale-objective-evaluation, 
is applicable when (a) the number of managers 
at a particular level is large, as in the group of 
fourth level managers at the XYZ Company 


and (b) the resources available for evaluating 
management objectives do not allow personal 
objective evaluation for each manager. The 
second technique, which is denoted as in- 


depth-objective-evaluation, is designed for 
detailed objective assessment with top level 
managers. 

The large-scale-objective-evaluation focused 
on the 75 fourth level managers. About 25% of 
the fourth level managers were chosen by the 
third level decision makers as being representa- 
tive of the group in terms of management style 
and outlook. Each selected decision maker was 
interviewed using a standard open-ended inter- 
view technique, which posed very general ques- 
tions about their management directions 
(objectives) and limitations (constraints). 

The information gained from the interviews 
was synthesized into a composite scenario de- 
scribing the general objectives and constraints 
of that level of management. In addition, man- 
agement objectives and constraints were sum- 
marized separately by category. Copies of both 
the composite scenario and the summary were 
sent to each decision maker in level four. Each 
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was asked to respond to the scenario with re- 
spect to the conclusions drawn and to rank the 
objectives and constraints within each category 
on the summary document. Responses were 
received from 78% of the decision makers at 
this level. The respondents did not indicate any 
disagreement with the composite scenario. 

Rather than ask the top level decision 
makers to consider the separate input of many 
individual decision makers, responses were 
consolidated in terms of the objectives and 
constraints often considered to be important 
by the appropriate group of fourth level 
managers. Figure 1 depicts large-scale- 
objective-evaluation. 

In-depth-objective-evaluation, as the name 
implies, involves deeper participation by the 
top level managers. To initiate the process, 
each decision maker was asked to complete a 
form listing all of his or her objectives and con- 
straints with respect to twelve objective cate- 
gories drawn from Raia [15]: 


. Profitability Pe 

. Markets 8. 

. Productivity 9. 

. Product 10. 

. Financial 11. 
Resources 

. Human 12. 
Resources 


Other Resources 
Physical Facilities 
Research & Innovation 
Organizational Changes 
Social Responsibility 


Other Areas 


Upon completion of this phase, the objec- 
tives and constraints were consolidated to be 
used for group discussion. The objectives were 
arranged in a matrix such that it was clearly 
evident which decision makers agreed with 
which objective or constraint. Group discus- 
sions involving all of the top level decision 
makers were designed to explore differences 
and similarities in the stated objectives and the 
reasons for the observed differences. The dis- 
cussions revealed that in some instances the 
decision makers had simply not been all- 
inclusive when listing their objectives and con- 
straints. Other differences were felt to be 
reasonable and desirable, since the decision 
makers represented distinct trading areas and 
somewhat different organizational perspectives. 

Based on the group discussions, a total list of 
management objectives and constraints was 
used by each decision maker to conduct a final 
re-evaluation of his or her objectives and con- 
straints. Each decision maker selected the 
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Fic. 1. Large-scale-scale-objective-evaluation. 


objectives and constraints most important to 
him or her for general branch management. 
Figure 2 outlines the entire in-depth-objective- 
evaluation. As part of the followup to this pro- 
cess, the upper level managers were asked to 
provide a tentative overall ranking of the im- 
portance of the general objective categories. 
These priorities are expected to change from 
branch problem to branch problem and thus 
are not used in the decision process other than 
for discussion purposes. 

Analysis of the in-depth-objective-evaluation 
showed that the twelve original objective cate- 
gories could be condensed to seven categories 
(profitability, markets, productivity, product, 
financial resources, human resources and 
physical facilities), since the others were not 
substantially supported by reported objectives. 
Figure 3 illustrates the top five objectives 
prioritized for each manager in a manner con- 
sistant with the organizational hierarchy. The 
lowest level, branch managers, are considered 
only as a composite management body. 


OME 8/2—B8 


From Fig. 3 it is evident that profitability 
and related objectives, i.e. human resource uti- 
lization, productivity and product updating, as 
well as market share, comprise a major driving 
force among the upper managers in the XYZ 
Company. It is interesting to note that at the 
branch manager level the related objectives 
take priority over the ultimate profit objective. 
This is due, no doubt, to the manner in which 
managerial performance is measured at the 
XYZ Company at the lower level. Each branch 
manager is evaluated based on the perform- 
ance of his or her branch in terms of producti- 


_vity and market share; from the viewpoint of 


branch managers, profitability and product 
innovation are less directly under their control. 


STEP 3: FORMULATE A HIERARCHY OF 
OBJECTIVES AND ATTRIBUTES 


The entire branch decision problem can be 
put into the context of a hierarchy of objectives 
and attributes. The attributes are the vehicle 
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Fic. 2. In-depth-objective-evaluation. 


for determining the effect of potential decisions. 
Attributes are the link between the major man- 
agement objectives and the decision variables. 
As a result of the objective elicitation process, 
specific attributes were associated with each of 
the seven major objective areas. 

XYZ’s overriding objective is to determine 
the best possible use of its branch system. This 
objective can be divided into two major sub- 
objective categories, i.e. increasing profitability 
and protecting market share. Figure 4 shows 
this relationship in schematic form.' The 
MI/MCDM process considers only the attri- 
butes which relate to the decision variables, i.e. 
branch status levels. All of the managers 
involved in the process agree that these are the 
pertinent objectives/attributes with respect to 
branch status decisions. However, the impor- 
tance placed on each attribute varies from 
manager to manager and branch decision to 
branch decision. This diversity motivates the 





' Figure 4 refers to account types A, B and C which are 


the three major types of services provided by the XYZ 
Company. 


need for an interactive process to choose from 
among the set of efficient alternatives for each 
decision maker. 

The remainder of the MI/MCDM process is, 
for a given set of one or more likely problem 
branches, designed to deal explicitly with the 
attribute priorities of each manager. Managers 
remain free to implicitly consider political and 
local market constraints with respect to the 
particular branch problem. As will become evi- 
dent, the process also allows each manager in 
the problem hierarchy to have formal input 
into the decision making process. 


STEP 4.: GENERATE EFFICIENT SETS 


Underlying consumer response models were 
developed to provide a functional relationship 
between.the decision variables, i.e. the branch 
status levels, and the decision attributes. The 
only constraint for the XYZ Company, as 
expressed by its managers, is the capacity of 
the existing facilities. The type of problem, i.e. 


‘contracting facilities or resources, does not 


lend itself to budgetary, manpower, and other 
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Fic. 3. Top five objectives with respect to general branch management. 


maximum resource constraints as do many 
expansion problems, since contraction creates 
a surplus of resources. Each decision variable 
may assume only one of four discrete branch 
status levels under consideration by the 
managers. 

In general, the set of efficient solutions for 
each decision maker is determined by the con- 
straint set, the objectives/attributes, and the 
type of decision variable. Let us assume, for the 
moment, that we are dealing with linear objec- 
tives and constraints. Continuous decision 
variable problems can be characterized by 
algorithms developed by Zeleny [19], Evans 
and Steuer [8], Ecker and Kouada [7] and 
others. Zero—one decision variable problems 
can be solved by an algorithm developed by 
Bitran [3]. Finally, multiple integer valued 
problems can be solved with an algorithm 
recently developed by Banker et al. [1] or 


Villarreal and Karwan [18]. The decision vari- 
ables of the XYZ Company problem are of the 
latter type and, in fact, are responsible for the 
development of the Banker et al., algorithm. 

The results of attribute formulation, how- 
ever, indicate that the objectives/attributes are 
not all closely approximated by a linear rela- 
tionship with the decision variables. In particu- 
lar, the profit attribute is strongly nonlinear. 
Since this attribute is often a driving factor in 
branch decisions, the linear approximations are 
not used in the MI/MCDM process. The 
MI/MCDM process uses total enumeration to 
examine all of the branch status possibilities, 
evaluates the attributes for each possible 
branch status combination, and eliminates 
non-efficient or dominated alternatives. 

The top decision maker at the XYZ Com- 
pany initiates the recurring portion of the 
MI/MCDM process at step 4 for each new 





Banker, Gupta—Hierarchical Decision Making 





Major Objective 





BEST USE OF 
BRANCH SYSTEM 














MAXIMIZE 
PROFITABILITY 





Sub- 
Objectives 

















Attributes Profitability 


Measures 











problem by indicating which branch cluster 
should be considered for change. These 
branches and any other nearby neighbors deli- 
neate the possibilities for total enumeration of 
branch status. 


STEP 5: DETERMINE THE DECISION 
POSITION FOR EACH DECISION 
MAKER 


The set of efficient alternatives for a decision 
maker may consist of one to infinitely many 
alternatives, depending on the problem charac- 
teristics. Thus in some instances it may be 
necessary to use a technique such as that pro- 
posed by Keeney and Raiffa [11] to find the 
alternative or set of alternatives which satisfy 
the decision maker’s implied preferences. This 
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procedure makes use of variable, linearly- 
weighted combinations of the attributes to 
explore the efficient set. This technique is most 
useful if the efficient frontier is convex, which is 
usually not the case with integer variables. 
Steuer and Harris [17] have proposed an inter- 
active process whereby the decision maker is 
asked to choose among a sample of alterna- 
tives from the efficient set. Additional efficient 
alternatives are presented near the most recent 
choice(s), and preferences are again elicited for 
the new sample. This process is continued until 
the decision maker finds an alternative which is 
acceptable, based on implied preferences. 

In a somewhat analogous manner, the 
MI/MCDM process interactively segments the 
efficient set for each decision maker in order to 


- eliminate portions of the set. 


Since the problem for the XYZ Company 
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involves decision variables which assume only 
discrete values, the MI/MCDM process has 
available, prior to this step, a complete list of 
the efficient alternatives to the problem. Each 
manager is asked to prioritize the attributes 
after seeing a list of all efficient alternatives and 
their respective attribute values. Ties are 
allowed; attributes at a common priority level 
are treated simultaneously. Each manager is 
shown the highest, lowest and median value for 
the single or multiple attributes of the highest 
priority. The manager is then expected to 
determine a minimum acceptable for these 
attributes after studying the alternative/ 
attribute list. Alternatives which do not meet 
the minimum acceptable level for these attri- 
butes are eliminated from further consider- 
ation. If there remains more than a single alter- 
native the process proceeds to the second 
priority attribute(s), and so forth until the deci- 
sion maker is left with but a single alternative. 
Since the process is interactive, it is possible to 
correct for judgements which are infeasible if 
and when they occur. For example, if there are 
two first priority objectives whose minimal ac- 
ceptable levels together eliminate all the effi- 
cient alternatives, the process interactively 
adjusts the minimum levels to attain a feasible 
solution. 

It is also possible to exhaust the set of priori- 
tized attributes and yet not attain a single 
alternative. In this case the process repeats 
itself with respect to the remaining efficient 
alternatives and in effect asks the decision 
maker to set more stringent minimum accept- 
able levels for each attribute. Thus the manager 
can improve at least one attribute while main- 
taining minimum levels of the others. 

This process is somewhat analogous to goal 
programming (Lee [12] and Ruefli [16]) or 
more appropriately integer goal programming 
(Lee and Morris [13]), but it has some clear 
distinctions. First, the solution that is ultima- 
tely found must be efficient since the process 
deals only with efficient alternatives. Goal pro- 
gramming does not guarantee efficiency. 
Second, the manager does not need to set goals 
(i.e. minimum acceptable levels) a priori; the 
MI/MCDM process first shows the ‘manager 
the possible range of each of the attributes over 
the set of all efficient alternatives. Finally, the 
process will accept multiple objectives in a 
single priority level without requiring knowl- 
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edge of the numerical tradeoffs among those 
objectives. 

Each decision maker in the decision hier- 
archy determines an alternative which best 
meets their minimum goals with respect to the 
problem. This alternative is denoted as the 
decision position for the respective decision 
maker. 

This step in the process was implemented in 
the XYZ Company as a system of interactive 
computer programs which were designed for 
eacy access and operation by the managers. 
The managers have used the system with little 
difficulty. 


STEPS 6 & 7: FINAL COMPROMISE 
SOLUTION 


The final steps in the MI/MCDM process 
involve tempering the decision position of each 
decision maker with the input of the other rele- 
vant decision makers. It may be judicious in 
some organizations to allow only input from 
other decision makers in positions which are of 
the same or lower levels in the decision hier- 
archy, since the tendency to align with one’s 
supervisor might undermine the analysis. 

In our work with the XYZ Company it was 
found that managers were able to comprehend 
the impact of decision positions of other 
managers when the positions were presented 
through the format of short scenarios describ- 
ing the decision position, the expected outcome 
of that decision, i.e. attribute values, and the 
major rationale for the position. 

Each decision maker then compares his or 
her decision scenario with the decision scen- 
arios of the other members of the decision hier- 
archy. Based on the implicit value placed on 
the additional input, each decision maker is 
encouraged to refine his or her decision pos- 
ition, if desired. 

At the XYZ Compay the top level decision 
makers discussed the decision scenarios during 
a meeting in which the differences in decision 
positions were reviewed and argued. The deci- 
sion scenarios proved to be an effective vehicle 
for contrasting the perspectives of the various 
decision makers and provided a basis on which 
to negotiate a final compromise decision. The 
list of efficient alternatives to the problem pro- 
vides compromise solutions in the context of 
their respective attribute values. The formal 





146 


nature of the MI/MCDM process leading to 
individual decision positions provides each 
decision maker with a basis to evaluate the 
effect of the ultimate compromise in terms of 
the attribute values. 

The entire MI/MCDM process is in line 
with the organizational hierarchy; the final im- 
plicit adjustments reflect the political realities 
within the organization. 


MANAGEMENT EXPERIENCES WITH 
THE MI/MCDM PROCESS 


XYZ management felt the need for a system 
or process which would be capable of helping 
them to make decisions pertinent to contrac- 
tion of the branch system. Thus the focus of 
this research has been to provide a structured 
process for decision aiding rather than to find 
solutions to particular problems. We shall con- 
sider two scenarios for which the solution pro- 
cess was simulated. The purpose of this activity 
was not to find an ultimate compromise solu- 
tion(s), but rather to provide a forum for the 
managers to become familiar with the entire 
compromising process. 

The 75 branches of the XYZ Company 
encompass many diverse local markets. How- 
ever, there are clusters of branches which serve 
primarily the same local market. For the pur- 
poses of this ‘test run’, two three-branch clus- 
ters were chosen. We will refer to the clusters 
as ABC and TUV. 

Steps 5, 6 and 7 of the MI/MCDM process 
coalesce the various perspectives of the de- 
cision makers in the problem hierarchy. This 
activity enables the process to promote (a) each 
person’s point of view in a consistent manner 
and (b) discussion leading to an ultimate com- 
promise solution. This part of the process can 
be restated as follows: 


(1) For the branch(es) in question, each 
manager in the problem hierarchy indepen- 
dently uses the computer support system to 
determine a satisfactory decision position. 
Other pertinent data supporting the pos- 
ition are also assembled. 


{2) Using all relevant data, each manager 
relates his or her decision position to his or 
her motivation and rationale for that deci- 
sion through a short, descriptive scenario. 
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(3) A discussion group is formed consisting of 
the top managers in the decision hierarchy 
to compare and defend decision positions 
and ultimately to determine a final com- 
promise decision. The entire hierarchy of 
decision positions is available for this meet- 
ing. 


The first step involves the implicit prefer- 
ences and nonformalized input of each decision 
maker in the problem hierarchy in order to 
arrive at his or her respective decision pos- 
itions. There may be other information, con- 
straints, or conditions which were not forma- 
lized as part of the computer support system. 
These factors, along with the model output, i.e. 
the decision position and related attribute 
values, can be assembled into a very short, de- 
scriptive scenario for purposes of discussion. 
The scenarios for the managers in the problem 
hierarchy for the ABC and TUV clusters are 
shown in Fig. 5. 

Note that for the purposes of this explora- 
tory exercise with the managers at XYZ, only 
three-line scenarios were used with no informa- 
tion exogenous to the models. In fact, only the 
profit and number of accounts attributes were 
used for justification of decision positions. At 
the time of the discussion, the regional director 
responsible for the TUV cluster had been on 
the job for only 2 or 3 weeks. The previous 
regional director was promoted to area direc- 
tor. Thus the input to the process from the 
point of view of the regional director of the 
TUV cluster is subsumed in the input from the 
area director. Branch managers were not expli- 
citly polled to determine their input at the time 
of the discussion, but rather their position was 
extrapolated from the previous interviews, syn- 
thesis and subsequent feedback from the 
branch managers as a group, as described pre- 
viously. 

The ABC cluster problem illustrates the 
potential diversity within the problem _hier- 
archy. Top management would like to balance 
the tradeoff between market share and profit; 
2300 accounts would be traded for an ad- 
ditional $92,000 in profit per year. This would 
be accomplished by closing branch C. The next 
level of management responded much more 
strongly to a corporate edict calling for 
increased short term profitability. The organi- 
zation could gain $120,000 in profit per year by 
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ABC Cluster 


TUV Cluster 





TOP LEVEL 
presence 


ACTION: Close 


Branch C 


+ $92,000 


Emphasis on profit but 
also maintain market 


- 2300 Accounts 


Profit/year 


Emphasis on profit but 
also maintain market 
presence 
ACTION: Close 
Branch T 


RESULTS: - 12000 Accounts 
+ $70,000 
Profit/year 

















AREA DIRECTOR 
the area 


ACTION: 


RESULT: 
+ $120,000 


More driven by profit of 


Limited Services 
Branches B and C 


- 3700 Accounts 


Profit/year 





Concurs with cost 
accounting system: 
Branch C historically 
has not been profitable. 
ACTION: Close 
Branch V 
RESULT: - 2900 Accounts 
+ $40,000 
Profit/year 











REGIONAL 
DIRECTOR 


ACTION: 
Branch C 


RESULT 
+ $80,000 





Profit motive strongly 
influenced by market share 


Limited Services 


- 1700 Accounts 


Profit/year 

















BRANCH 
MANAGERS 


ACTION: 





RESULT3 


Maintain status quo of 
their individual branches 


Status quo 


No gain or loss 


Maintain status quo of 
thier individual branches 


ACTION: Status quo 











RESULT: No gain or loss 





Fic. 5. Comparison analysis of management input. 


converting branches B and C into limited ser- 
vice sites. Account losses in this case would 
total 3700. The regional director, on the other 
hand, chose a more conservative position: 
reduce only branch C to limited service, lose 
only 1700 in accounts, and gain only $80,000 
per year in profit. Branch managers do not 
want their branches closed or modified from 
the current full service status. A group discus- 
sion around the positions presented in Fig. 5 
for the ABC cluster did not generate an ulti- 
mate compromise solution, since the manage- 
ment was not, at that time, committed to mak- 
ing a change in the ABC cluster. Nevertheless, 
the discussions indicated that the position of 
the regional director is quite defensible econo- 
mically, since the gain in profit per accounts 
lost, i.e. the gain/loss ratio, is the highest 
among the three positions of top management. 


A somewhat different contrast among the 
top two levels of management existed within 
the TUV cluster decision hierarchy. In this case 
the top level manager preferred to trade 
$70,000 additional profit per year for a loss of 
12,000 accounts. The area director, on the 
other hand, would prefer to lose only 2900 
accounts in exchange for an additional $40,000 
in profit per year. The potential gain for either 
of these decisions is probably outweighed by 
the loss in number of accounts. This is 
obviated by comparing the gain/loss ratio to 
the same ratios for the ABC cluster. The ratio 
is much lower, indicating that (a) a decision 
concerning the TUV cluster should be studied 
carefully and (b) perhaps no change is indi- 
cated. 

The information shown in Fig. 5 is useful 
from another perspective. Suppose, for 
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example, that the top level decision maker pre- 
vails concerning the ABC cluster problem. 
Unless the top level decision maker adds new 
information to the problem or can convince 
the other managers in the problem hierarchy 
that their preferences should be changed, the 
decision would not, with respect to the area 
director, go far enough to solve the problem, 
and the decision would be too severe for the 
regional director. This may result in resistance 
to implementation of the decision. Therefore, it 
is crucial that the top level decision maker 
understands the position of the other managers 
in the problem hierarchy when evaluating such 
a decision. It may be necessary to balance the 
source of subsequent information regarding the 
outcome of the change with their perspective, 
since unintentional biases may occur. The 
branch managers will resist any change from 
status quo, and their perspective indicates this 
bias. 


COMMENTS AND CONCLUSIONS 


The Multiple Independent/Multiple Criteria 
Decision Making (MI/MCDM) process has 
been made part of the decision making process 
for facility contraction decisions. It is difficult 


to measure the efficacy of the process; the 
managers who have been involved, however, 
have indicated by one means or another that: 


(1) The managers at all levels of the XYZ 
Company desire to take part in facility con- 
traction decisions. 


(2) The managers found that the statement of 
management objectives available to them as 
a result of this study is a useful manage- 
ment tool; and, in fact, the process sharpens 
and refines the managers thinking concern- 
ing objectives and goals. 


(3) The statement of objectives at the various 
levels in the organization provide insight 
into the points of conflict for a particular 
decision. 


(4) The interactive alternative/attribute trade- 
off assessment (within the efficient set of 
alternatives) is easy to use and the results 
are understandable. 


(5) Positioning is a useful means for presenting 
differences of opinion and direction among 
the various managers involved in a specific 
decision process. 


(6) The entire process is not cumbersome in 
the context of corporate applications, 
although the set-up time required to ascer- 
tain managemert objectives and constraints 
can be lengthy. 


Currently, the process is accessable within 
XYZ Company, and the decision makers of 
that organization are willing to incorporate the 
process into facility contraction decisions. The 
test of a decision-aiding process is that decision 
makers must understand the process and 
believe that it is capable of providing structure 
and useful input to help them make more 
informed decisions. Intuitively, the MI/MCDM 
process’ appeal rests in its flexibility in allow- 
ing the formal input of all pertinent decision 
makers in the organization. Moreover, it is 
politically acceptable and organizationally con- 
sistent. 
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The received view of the scientific method, as represented for instance by logical positivism, has only 
historical interest for the specialists, but it is still widely, if implicitly, held by decision and policy 
analysts. On the other hand, recent developments in philosophy and the history of science, which 
stress the fallibility of theories and the social and historical character of scientific knowledge and 
criteria, have not yet been assimilated by analysts. This paper argues that these recent methodologi- 
cal developments offer important insights into many theoretical and professional problems facing 
students of policy-making. Thus, an appreciation of the craft aspects of scientific inquiry not only 
clarifies the subtle relationship between theory and practice in any type of systematic analysis, but 
also suggests a conceptual model of the analyst's task that is quite different from the conventional 
decision-making paradigm. Again, Popperian and post-Popperian views of the evolution of knowl- 
edge are shown to be relevant to the evaluation of policies and to the study of their development. 
Particularly important in this respect is the notion, due to Lakatos, of problem shifts in competing 
research programmes. Even the role of advocacy in policy arguments appears in a new light after we 
realize the importance of persuasion and propaganda in the history of scientific development. There 
are reasonably well-defined situations in which the use of persuasion, far from violating the analyst's 


code of professional behavior, is not only unavoidable but also rationally justifiable. 


1. INTRODUCTION 
IF SCIENTIFIC knowledge is in fact, in Pop- 
per’s phrase, “common sense knowledge writ 
large,” what can we learn, as systems or policy 
analysts, from recent developments in the phi- 
losophy and history of science? Methodologi- 
cal debates cast long shadows over the most 
pragmatic domains, though the images are 
often fuzzy, and sometimes reflect patterns of 
thinking that are already obsolete. 

The received view on scientific method, 
which in one form or another has dominated 
the philosophy of science from the 1920s to the 
1950s, has by now only historical interest for 
the specialists; but it is still accepted by many 
researchers as a general scientific ideology. In 
particular, the influence of logical positiv- 
ism—a key component of the received 
view—has been felt throughout the social and 
behavioral sciences, and nowhere more 
strongly than in the study of decision-making. 

Appeals to the scientific method (rather 
glibly equated with problem-solving-through- 
mathematical-modeling) preface textbooks on 


operational research and systems analysis, and 
figure prominently in the programmatic state- 
ments of the professional societies. For many 
of its advocates, systems analysis is nothing 
more than the scientific method extended to 
problems outside the realm of pure science. 
Cost—benefit analysts stress the scientific vir- 
tues of their methods: quantification, formali- 
zation, explicitness, objectivity. Evaluation 
researchers are supposedly engaged in the 
scientific assessment of public programs. Even 
the rational-deductive ideal for ranking policy 
alternatives according to a strictly defined hier- 
archical system of values is said to represent 
an ideal of science transferred to the field of 
values. 

In reality, these references to science and the 
scientific method are not so much methodo- 
logical commitments as they are ideological 
props. They do not direct attention to any deep 
affinities, but are attempts to increase the col- 
lective confidence of a group of new disciplines 
striving for academic and social recognition. It 
could not be otherwise, for the conception of 
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science implicit in such proclamations of 
method lacks historical reality and epistemolo- 
gical substance. Few scientists and _ philoso- 
phers of science still believe that scientific 
knowledge is, or can be, proven knowledge. 
Many would, in fact, agree with Toulmin that 
“if we wish to understand how actual sciences 
operate... we must abandon the assumption 
that the intellectual contents of natural sciences 
actively in debate have ‘logical’ or ‘systematic’ 
structures: we must instead consider how such 
sciences can succeed in fulfilling their actual 
explanatory missions, despite the fact that, at 
any chosen moment in time, their intellectual 
contents are marked by logical gaps, incoher- 
ences, and contradictions” [17, p. 605]. 

To repeat the initial question: what can stu- 
dents of policy-making learn, not from the 
idealized textbook image of science that in the 
past has been foisted on them, but from the 
‘unsystematic’, ‘illogical’, and all too human ac- 
tivity which is the daily experience of the work- 
ing scientist? This is a very broad question, and 
no more than a partial and tentative answer 
will be given in this paper. The selection of 
themes necessarily reflects my personal inter- 
ests, and specific results in the philosophy or 
history of science are presented in capsule 
form. I hope not to have misrepresented the 
views of the scholars whose works I have used. 
At any rate, the reader is urged to check the 
correctness of my interpretations through the 
references given in the text. 

In section 2, I consider the craft aspects of 
scientific inquiry and argue that this perspec- 
tive, derived mainly from the works of Polanyi, 
Kuhn and Ravetz, throws new light on some 
important, but generally overlooked, character- 
istics of policies and of policy analysis. 

Section 3 is concerned with the implications 
for policy evaluation of Popperian and post- 
Popperian views on scientific knowledge and 
its evolution. Of particular importance, here 
and in the next section, is Lakatos’ notion of 
‘research programmes’. 

Section 4 makes use of Popper’s “World 3’ to 
introduce the idea of an autonomous policy 
space (an idea which can be found, in more or 
less explicit form, in the writings of a number 
of students of policy). Strictly related to the 
notion of an autonomous policy space is that 
of problem-shifts (Lakatos). I argue that ex- 
planations of policy development in terms of 
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policy-space constructs are more satisfying, 
and potentially more powerful, than other 
types of explanations. 

Finally, in section 5, I discuss the role of 
persuasion and propaganda in science (taking 
my clue from Feyerabend’s discussion of Gali- 
leo’s advocacy of Copernicanism). Policy advo- 
cacy and ‘rationalizations—far from being, 
under all circumstances, capital sins against the 
analyst’s professional integrity and intellectual 
honesty—are not only unavoidable but also 
rationally justifiable. 


2. THE ART OF INQUIRY 


Fallibilism and its consequences 


Logic shows the inconclusiveness of the 
basic patterns of argument used in science; his- 
tory testifies to the possibility of genuine scien- 
tific knowledge. This apparent paradox cannot 
be resolved within the traditional epistemologi- 
cal concerns of the older philosophy of science. 
Since individual endeavors are fallible, the 
emergence of a (provisionally) accepted body of 
knowledge must be explained in terms of social 
mechanisms. “Nature,” writes Ravetz, “is not 
so obliging as ever to give marks of True or 
False for scientific work, and so a scientific 
community sets its standards for itself” [15, 
p. 82]. 

Some form of conventionalism is the ines- 
capable logical consequence of fallibilism. If 
there is no demonstrative certainty for the con- 
clusions of science, their ‘truth’ or, at any rate, 
their acceptability as scientific results, must be 
established by convention: through a con- 
sensus of experts in the field, and the fulfilment 
of certain methodological and professional 
canons—the rules of the scientific game. 

The problem of testing the correctness of a 
policy or decision is analogous to that of 
determining the truth of a scientific theory. 
According to the received view of policy analy- 
sis—in which policy-making is equated to deci- 
sion-making, and the latter is formalized as a 
means-end relationship—a decision is correct 
“if it can be shown to attain some specific 
objective, where the objective can be specified 
without describing the decision itself” [12, 
p. 49]. Such a proof requires that three condi- 
tions be simultaneously satisfied: (a) it must be 
possible to detect the specific effects of the 
decision against a noisy background of con- 
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comitant decisions, measurement errors, and 


random fluctuations of the system; (b) a well- 


tested theory connecting means and ends is 

available; and (c) there is agreement on goals. 
If even one of these conditions is violated, no 

objective test of correctness is possible. It has 


been argued that in such a case agreement on . 


policy is the only practicable test of ‘good’ 
policy: policy-makers may agree on policy 
itself, even if they do not agree on goals or 
theory. But even more important than such di- 
rect agreement on policy as a test of correct- 
ness, is agreement on procedures, on the rules 
of the policy game. In the law, in public admin- 
istration and, to an increasing extent, also in 
business administration, decisions are accepted 
not because they can be shown to produce 
desired outcomes, but because of a generalized 
agreement on decision-making procedures. 
Reliance on detailed procedures, whether in en- 
vironmental regulations, in the licensing of 
nuclear power plants, or in industrial quality 
control, greatly increases the costs of decision- 
making, but it is also an unavoidable conse- 
quence of the cognitive and social complexity 
of today’s problems. As long as the correctness 
or fairness of the outcome can be determined 
unambiguously, the manner in which the deci- 
sion is taken is largely immaterial: only results 
count. But when the factual or value premises 
are moot, when no objective criterion of truth 
exists, procedural aspects acquire special sig- 
nificance. 

Belief in the possibility of discovering correct 
solutions for a wide variety of problems has 
probably served a useful ideological function in 
the early stages of development of systems and 
policy analysis. Today, the traditional preoc- 
cupation with analytic methods stressing out- 
come rather than process must give way to a 
broader approach, in which procedural design 
(alternative methods of structuring the decision 
process) assumes primary importance. Natur- 
ally, the criteria for choosing among decision- 
making procedures are not the same as those 
used in choosing among alternatives for a par- 
ticular decision. While in the latter case effec- 
tiveness and efficiency are the dominant cri- 
teria of choice, the metacriterion for evaluating 
procedures is legitimacy—the capacity of a 
procedure to elicit generalized acceptance for 
the decisions it produces, regardless: of their 
substantive consequences. One hopes, of 
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course, that good procedures will increase the 
probability of good decisions, but, as Popper 
has often remarked, it is impossible to justify 
the rules of a game (including the rules of the 
scientific game) only in terms of success. 


Science as craft work 


The work of the scientist requires knowledge 
that is acquired only through practice and pre- 
cept and which therefore is not scientific in 
character. Earlier traditions in the philosophy 
of science, being mainly concerned with the 
epistemological problem of truth, have ignored 
the craft aspects of scientific knowledge. Yet, 
without an appreciation of these aspects “there 
is no possibility of resolving the paradox of the 
radical difference between the subjective, inten- 
sely personal activity of creative science, and 
the objective, impersonal knowledge which 
results from it” [15, p. 75]. 

Craft knowledge is a repertoire of proce- 
dures and judgments that are partly personal, 
partly social. Thus, when a_ scientist 
decides whether a batch of data is of acceptable 
quality, he applies standards that derive from 
his own experience, but also reflect the profes- 
sional norms of his teachers and colleagues, as 
well as culturally determined criteria of ade- 
quacy. Personal and social judgments are also 
involved in data manipulation, in the choice of 
tools and models, in the selection of evidence, 
and in the construction of an argument. 

The importance of craft knowledge and ex- 
perience is even greater in policy analysis. 
Because the conclusions of a policy study can- 
not be proved in the sense in which a theorem 
is proved, or even in the manner of the pro- 
positions of natural science, they must satisfy 
generally accepted criteria of adequacy. Such 
criteria are derived not from abstract logical 
canons but from craft experience, depending as 
they do on the special features of the problem, 
on the quality of data and limitations of avail- 
able tools, on the time constraints imposed on 
the analysts, and on the requirements of the 
client. 

Craft knowledge—less explicit than forma- 
lized theoretical knowledge, but more objective 
than pure intuition—is essential in any kind of 
professional work. Aristotle’s analysis of tradi- 
tional craft work (in terms of the four constitu- 
ents or ‘causes’ of the task: material, efficient, 
formal and final) has been applied by Ravetz to 
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the task of scientific inquiry. He identifies the 
material constituent with the intellectually con- 
structed things and events in whose terms the 
problem is formulated. The researcher, with his 
tools and methods, is the efficient constituent 
of the task. The formal constituent is the argu- 
ment that supports the conclusion of the 
inquiry, the latter corresponding to the Aristo- 
telian ‘final cause’. 

The same scheme can be applied to the work 
of the policy analyst. The material component 
of the analyst’s task is represented by the data, 
information and other conceptual inputs used 
in formulating a problem. The technical tools 
and methods of analysis represent the efficient 
component, while the formal component is an 
argument in which evidence is cited and from 
which a conclusion is drawn. The ‘final cause’ 
is the conclusion itself, together with the 
related activities of communication and imple- 
mentation. 

This way of describing the fine structure of 
the analyst’s task enjoys one considerable 
advantage over the more conventional deci- 
sion-making paradigm. The categories sug- 
gested by this paradigm (goals, alternatives, 
constraints, and so on) focus attention on a 
rather narrow and specialized use of analysis as 
an applied ‘logic of choice’. The craft analogy, 
on the other hand, suggests categories (data, 
information, tools, evidence, argument, conclu- 


sion) that are applicable to any type and style. 


of analysis, and can be shown to be particularly 
useful for assessing the technical adequacy of 
analytic work [13]. 


Problem solving on artificial objects 


For all its usefulness, the craft analogy con- 
ceals an important difference between the work 
of the traditional artisan and that of the intel- 
lectual craftsman. The artisan works with 
physical tools and materials to produce tan- 
gible objects having a certain form and capable 
of performing given functions. The intellectual 
craftsman works with conceptual tools and 
inputs; his end product is an argument leading 
to certain conclusions about the properties of 
the intellectual constructs that form the object 
of his inquiry. This leads to Ravetz’s character- 
ization of scientific inquiry as problem solving 
on artificial objects. The objects of scientific 
knowledge are not directly apprehended 
natural phenomena, as asserted by an influen- 
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tial tradition going back to Bacon and Galileo, 
but classes of intellectually constructed things 
and events: elementary particle, force, field, 
chemical element, and also the phyla and 
genera of ‘natural’ taxonomy. 

Similarly, the objects of policy analysis and 
policy arguments are not directly perceived 
social events, but theory-laden constructs 
resulting from definition, convention, and 
abstraction. Terms like ‘price’, ‘cost’, ‘inflation’, 
‘GNP’, ‘standard of living’, ‘intelligence’, 
‘crime’, are used so often that we tend to forget 
their abstract and conventional nature. Even 
the most basic social and economic statistics— 
for instance, the unemployment and _ balance- 
of-payment data that make headlines and are 
discussed at length on radio and television— 
are extremely abstract things. In no way do 
they resemble “the measurements which arise 
from a direct apprehension of something, as 
when we measure a length. One cannot, even 
with good eyesight, go out onto the Treasury 
steps and observe the domestic level of econo- 
mic activity” [4, p. 823]. 

The abstract character of the language of 
policy and of policy analysis can evoke two 
different, but equally mistaken, reactions. On 
the one hand, there is the ever-present tend- 
ency to mistake for concrete things what are in 
fact theories and abstractions—Whitehead’s 
fallacy of misplaced concreteness. On the other 
hand, one finds the equally widespread sus- 
picion of a general conspiracy of politicians, 
bureaucrats, managers, and experts to prevent 
citizens from seeing the true essence of social 
problems by some kind of verbal magic. But 
while sympathizing with the desire for a more 
direct and transparent official language, the 
philosopher of science cannot fail to notice the 
similarity between the necessary artificiality of 
a developed legal or administrative system and 
that of a developed science. Like the natural 
world, the social world is just too complex to 
be comprehended in terms of the concepts we 
build up in our ordinary experience [15, 
p. 114]. Naturally, the more elaborate policy con- 
structs are. ultimately derived from common- 
sense experience, but in concrete applications 
formal requirements of procedure and internal 
consistency assume greater importance than 
any desire for immediate intelligibility. 

‘Since analysts with a technical or scientific 
background are often impatient of legal and 
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administrative formalities, it will be instructive 
to give an actual example of the unexpected 
difficulties that may arise in the attempt to sim- 
plify a formalized language. In the early days of 
the Communist regime in Poland a sustained 
effort was made to draft the laws so clearly that 
they would be intelligible to the worker and 
peasant. 


“It was soon discovered, however, that this kind of clar- 
ity could be attained only at the cost of those systematic 
elements in a legal system that shape its rules into a 
coherent whole and render them capable of consistent 
application by the courts. It was discovered, in other 
words, that making the laws readily understandable to 
the citizen carried a hidden cost in that it rendered their 
application by the courts more capricious and less pre- 
dictable” [8, p. 45]. 


3. EVALUATION 


Traditional scientific methodologies 


The different philosophies of science can be 
viewed as alternative methodologies for eva- 
luating scientific theories. In this section of the 
paper, I intend to examine some implications of 
different forms of scientific appraisals for the 
evaluation of policies. More specifically, I shall 
argue that while the approach prevailing in 
policy evaluation (particularly in the United 
States) has been severely handicapped by out- 
dated philosophical premises, recent work by 
Lakatos and other philosophers of science sug- 
gests a basic reformulation of the goals and 
methods of evaluation analysis. 

Following Lakatos, three traditional metho- 
dologies for the evaluation of scientific theories 
may be identified: Justificationism; Dogmatic 
Falsificationism; Naive Falsificationism. 

Justificationism or inductivism—the doc- 
trine that the only scientific propositions are 
those that either describe hard facts or are cor- 
rect inductive generalizations from them—is 
logically untenable. As Hume argued more 
than two centuries ago, theories cannot be de- 
rived from facts. 

Dogmatic falsificationism—science cannot 
prove, but it can disprove—must also be 
rejected since no conclusive disproof of a 
theory can ever be produced. Theories always 
involve hidden background knowledge, ceteris 
paribus conditions, and auxiliary hypotheses: it 
is not clear which part of a theory would be 
refuted by a negative result.. There: are no 
crucial experiments, except with hindsight: 
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“nature may shout ‘no’ but human ingen- 
uity...may always be able to shout louder. 
With sufficient resourcefulness and some luck 
any theory may be defended ‘progressively’ for 
some time, even if it is false” [11, p. 100]. . 

According to naive falsificationism, a highly 
corroborated scientific theory refutes a less cor- 
roborated theory which is inconsistent with it. 
But the history of science offers many examples 
of ‘refuted’ theories being resuscitated. This 
shows that refutation should not be confused 
with elimination. If most theories are born 
refuted, mere refutations can play no dramatic 
role in science: “if any and every failure to fit 
were grounds for theory rejection, all theories 
ought to be rejected at all times” [10, p. 145]. 
Naive falsificationism uses a monotheoretical 
model of criticism; one single theory is con- 
fronted by potential falsifiers supplied by auth- 
oritative experimental scientists. This amounts 
to introducing an arbitrary dichotomy into the 
corpus of scientific knowledge between what is 
treated as problematic and what is regarded as 
unproblematic. But experiments, instruments, 
and observations are theory-laden, and such 
theories are often no more corroborated than 
the theory to be tested (as in the case of the 
physiological and optical theories involved in 
Galileo’s reports of telescopic observations of 
Jupiter’s planets [7)]). 


Lakatos’ methodology of research programmes 


If theories are falsified all the time, the im- 
portant epistemological issue is not when an 
unrefuted theory is better than a refuted rival 
one, but when a theory is better than a rival 
one if both are known to be refuted. Moreover, 
since problems are not solved but only shifted, 
the basic unit of appraisal is not an isolated 
theory but a whole ‘research programme’. A 
research programme is characterized by a hard 
core (conventially accepted and made provision- 
ally irrefutable by a methodological decision 
of its adherents), a positive heuristic, which 
defines problems and outlines the construction 
of a belt of auxiliary hypotheses, and a negative 
heuristic indicating the paths of research to be 
avoided. Thus, the Cartesian research pro- 
gramme (the universe is a huge clockwork with 
push as the only cause of motion) tells us to 
look behind all natural phenomena, including 
life, for mechanistic explanations, and rules out 
Newtonian action at a distance. 
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Examples of competing research pro- 
grammes in the social sciences are neoclassical 
and Marxian economics. The core of neoclassi- 
cal economics is the notion that the economy is 
composed of free agents who perform different 
functions but are united by the common goal 
of maximizing individual utility. The idea that 
society is divided into competing social classes 
is rejected, being considered neither correct nor 
analytically useful. On the positive side, the 
object of economics is conceived of as the 
study of rational allocation of scarce resources 
among competing uses. This study can be car- 
ried out at an abstract level, regardless of 
specific historical conditions, since the goal of 
maximizing individual utility has universal 
validity. The core idea of Marxian economics, 
on the other hand, is that society is divided 
into classes pursuing different, and conflicting, 
goals. According to the negative heuristics of 
the Marxian research programme, economic 
phenomena cannot be explained in terms of 
individual behavior, and it is impossible to 
define a criterion of economic efficiency valid for 
an entire society. The positive heuristics of the 
programme direct attention to class struggle, 
exploitation, and a labor-theory of value as 
the basic categories of analysis. And because 
class struggle characterizes one particular type 
of society, an economic theory of capitalism 
can be valid only for this particular phase in 
the history of humanity. 

Rival research programmes can be evaluated 
in terms of the problem-shifts they induce. A 
problem-shift is progressive if is has greater 
explanatory and predictive power than pre- 
vious formulations. A research programme is 
progressing if it generates progressive problem- 
shifts, otherwise it is stagnating. Thus, the 
methodology of research programmes offers 
not only a rational reconstruction of scientific 
continuity as well as scientific change, but also 
a set of normative concepts to evaluate theor- 
etical developments. 


Policy evaluation 


Evaluators of administrative programmes 
are justificationists at heart—their working hy- 
pothesis is that the programme is accomplish- 
ing what it set out to do—but falsificationists 
by necessity. To get on with their work they 
must assume that their measuring techniques 
are unproblematic, or at least less problematic 
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than the hypotheses incorporated in the pro- 
gramme they evaluate; they accept a mono- 
theoretical model of criticism. Like good beha- 
viorists, evaluators think of themselves as 
objective experimental scientists supplying the 
policy-maker with hard facts, the ‘potential 
falsifiers’ of the programme. In reality, they for- 
mulate goals, assign them relative weights, 
identify actors, define system boundaries and 
choose yardsticks. Paraphrasing Lakatos, we 
can say that the target of the arrow of evalu- 
ation is shaped while the arrow is already in 
the air. Evaluation does not assume a fully- 
articulated policy or programme; it creates it. 

Traditionally (and quite understandably, 
given the expectations of their clients), evalua- 
tors have been concerned with goal achieve- 
ment. But the hope of being able to justify or 
falsify an action programme by comparing 
results with goals has been dashed by the dis- 
covery of the ubiquitous phenomenon of ‘little 
effect’. As Carol Weiss writes, one of the major 
obstacles to putting evaluation results to use is 
precisely their dismaying tendency to show 
that the program has had little effect [18]. For 
example, many careful evaluation studies have 
revealed that the effects of variation in school 
policies on students’ performance are not sig- 
nificantly different, once the students’ socioeco- 
nomic characteristics are held constant. Inter- 
estingly, organizations do not fare better: 
“Measured against the Olympic heights of the 
goal, most organizations score the same—very 
low effectiveness. The differences among or- 
ganizations are of little significance” [6, p. 258]. 
Thus policies and organizations, like scientific 
theories, seem to be ‘born refuted’ and evalu- 
ation, as usually conceived and practiced, can 
play no crucial role in their development. 

The phenomenon of ‘little effect’ becomes 
less surprising once we recognize that policy 
evaluation exclusively in terms of results is 
bound to be inconclusive at best, and must be 
supplemented by a careful consideration of . 
process. This raises the question of the appro- 
priate unit of evaluation. If policy problems are 
never solved but only shifted (and, hopefully, 
ameliorated), the objects of evaluation cannot 
be discrete decisions or actions, but related 
sequences of decisions and actions, together 
with their behavioral, cognitive and ideological 
supports. A set of dispositions, theories, pro- 
posals, decisions and acts will form a recogniz- 
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able policy if they are held together by a cen- 
tral core of value commitments. In such a case, 
following Hylton Boothroyd [3], we speak of 
action programmes, the policy equivalent of 
Lakatos’ scientific research programmes. The 
limitations of evaluation by results now 
become clear. If a programme is not to be 
abandoned at the first signs of difficulty, the 
core must be made (temporarily) immune to 
criticism by a common decision of the partici- 
pants in the policy process. The core may even- 
tually be overthrown, but this will signify a 
major change in policy—a revolution in some 
sense. Debate, controversy, and corrections are 
redirected on to the decisions and administrat- 
ive arrangements that form the protective belt 
of the core. The effort to adapt the particular 
institutional embodiments of the programme 
to ever-changing economic, political, and tech- 
nical conditions keeps the protective belt in 
constant flux, but such changes hardly affect 
the policy core. 

The methodology of action programmes 
puts evaluation in a new perspective by 
explaining the apparent paradox of the surpris- 
ing stability and continuous flux that character- 
ize the life cycle of all major policies. The pres- 
criptions of policy evaluators often appear irre- 


levant because they are directed at the wrong 
target. This point is well illustrated by the com- 
ments of Mark Blaug on some recurring criti- 
cicms of the British National Health Service. 
Blaug writes: 


“Whether we like it or not, the British National Health 
Service effectively replaced individual choice in the dis- 
tribution of health services by collective choice. Thus, 
arguments about ‘market failure’ in justifying either 
government ownership or government finance are totally 


irrelevant in Britain, unless of course the thesis is that , 


they ought to be made relevant by returning health to 
the market mechanism. It would seem that there is now 
a consensus among all segments of British society and 
among all shades of public opinion that health should be 
distributed in accordance with need rather than ability 
to pay, in other words, ‘communism in health’” [2, 


p. 324]. 

Neither Blaug nor any other competent ana- 
lyst would deny that there are serious problems 
of allocation. But as long as the consensus 
about the use of collective-choice mechanisms 
survives, solutions have to be found at the level 
of specific administrative measures (e.g. by 
selective charges within the National Health 
Services), without compromising the integrity 
of the policy core. 
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4. POLICY DEVELOPMENT 


Policies versus decisions 


In order to understand policy development it 
is necessary to draw a distinction between poli- 
cies and decisions. A decision, in the sense of 
decision theory, is a choice or judgment made 
on the basis of available data among well- 
defined courses of action whose consequences 
under alternative ‘states of the world’ are 
reasonably well understood. The decision- 
theoretic paradigm does not recognize any 
essential difference between decision and 
action: if the decision does not lead to the cor- 
responding act, it was because something 
occurred to prevent it, and a new decision 
problem arises. Nor does it differentiate 
between policies and decisions; policies are 
simply bigger, high-level decisions, or perhaps, 
sequences of such decisions. Consequently, 
good policy-making, rational decision-making, 
scientific problem-solving are, in this view, 
largely synonymous expressions. The same 
analytic categories are used indifferently as an 
idealized description of good policy-making or 
as prescriptions for conducting policy analysis. 

Now, public and private managers must 
often make choices in situations which closely 
approximate the decision-theory model: where 
to build a school or a hospital; which curricu- 
lum to adopt for the next school year; whether 
to expand an existing plant or build a new one. 
But policies do not live by decisions alone. The 
basic constituents of policies viewed as action 
programmes—dispositions to act, core com- 
mitments, theories, plans and their institutional 
embodiments—remain largely outside the pure 
logic of choice. In taking a decision, one simply 
tries to do one’s best in the present circum- 
stances, to choose wisely among the available 
gambles. Policies are characterized by a certain 
deliberate quality, a relative permanence, and 
the possibility of further development; they 
tend to become doctrines, directing future 
action and giving coherence to past actions. 
This gives policies an objective character which 
decisions do not possess. 

The decision-maker of decision theory, like 
the consumer of economic theory, is the sole 
judge and executor of his own choices. But 
even in the most tightly centralized organiza- 
tion, few decisions are made and carried out by 
only one person. Hence the problem of com- 
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municating and legitimizing decisions in inter- 
subjective terms. Subjective choices must be 
related to a plan, a doctrine, a strategic view- 
point, in other words, to an articulate action 
programme. It should be noticed that, while 
such post-decision developments are irrelevant 
to the logic of choice, they are an essential ele- 
ment of organizational policy-making. 

As long as policies are identified with deci- 
sions, development can only be interpreted as 
decisionmakers changing their minds. This is a 
rather simplistic view of policy and does not 
explain many important events (such as the 
emergence of unanticipated consequences, and 
various forms of interaction and feedback in 
the policy space) that are neither planned nor 
intended. 


The policy space 


Lakatos and the later Popper concentrate on 
the growth and development of theories rather 
than on their refutation. Theories develop and 
grow in a quasi-autonomous space of objective 
intellectual constructs, of thoughts-in-them- 
selves. Popper distinguishes three ‘worlds’ or 
levels of reality: first, the world of physical 
objects and physical states; second, the world 
of mental states, of subjective preferences and 
beliefs; and third, a world of objective struc- 
tures that are produced by human minds but 
which, once produced, exist independently of 
them (theories, artistic creations and styles, 
norms, institutions, problem situations, critical 
arguments). This “World 3’ is autonomous from 
the other two levels of reality, though it is 
related to them by a number of links and feed- 
backs. Developments in World 3 occur largely 
as the result of unanticipated consequences of 
previous theories, and of the problem situ- 
ations they generate. Lakatos’ methodology of 
research programmes represents a fine-struc- 
ture explanation of the process of theory devel- 
opment, and adds normative criteria to dis- 
tinguish between positive and negative devel- 
opments. 

I will now introduce the notion of a policy 
space consisting of (actual and potential) policy 
problems, policy arguments, norms, con- 
straints, tentative solutions and their insti- 
tutional embodiments. The policy space is a 
subset of Popper’s World 3 and, as such, it is 


largely autonomous though still interacting - 


with the psychological second world of subjec- 


Majone—Policies as Theories 


tive preferences, beliefs, goals, and decisions. In 
fact, some of the most interesting phenomena 
appearing in the policy space arise as the 
unplanned consequences of men’s decisions. 
They are, in Hume’s words, the results of 
human action but not of human design (think 
of phenomena like traffic congestion, pollution, 
or inflation). Historian AJP Taylor expresses 
tersely the objective character of the policy 
space when he writes that statesmen take one 
step, and the next follows from it. 

In policy-space terms, policy development is 
a sequence of partly overlapping action pro- 
grammes. The focus of the analysis is not on 
individuals and groups as change agents, but 
on objective features like policy content, evolv- 
ing doctrines and problem situations, changing 
constraints, and interactions among different 
policies. Ideally, one attempts to explain policy 
development by showing how some overall 
pattern, which one would have thought had to 
be produced by an individual’s or group’s suc- 
cessful attempt to realize the pattern, instead 
was generated and maintained by a process 
that in no way had the overall pattern ‘in mind’ 
[14]. Perhaps this approach is not as intuit- 
ively appealing as a ‘second world’ approach 
which, by focusing attention on the actors and 
the moves leading to specific decisions, seems 
to offer a more direct causal explanation of the 
dynamics of policy change. But numerous case 
studies provide evidence that the influence of 
particular decision makers and special interest 
groups on actual (as opposed to anticipated) 
developments is often over-estimated. At any 
rate, policy-space explanations have the meth- 
odological advantage of minimizing the use of 
notions constituting the phenomena to be 
explained; they do not explain complicated 
patterns by including the end-result as the 
object of people’s preferences or beliefs. 

As was mentioned above, Lakatos proposes 
some normative criteria for evaluating the de- 
velopment of research programmes: a research 
programme is progressing as long as it keeps 
predicting novel facts with some success; it is 
stagnating if it gives only post-hoc explana- 
tions either of chance discoveries or of facts 
anticipated by a rival programme. It is, how- 
ever, very difficult to decide when a research 
programme has degenerated hopelessly, or 
when one of two rival programmes has 
achieved a decisive advantage over the other; 
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one must not demand progress at each single 
step. 

Criteria for evaluating policy development 
are even more difficult to discover and to 
apply. Here I can only suggest some possible 
adaptations of Lakatos’ criteria. First, an 
action programme may be said to be progress- 
ing as long as it succeeds in disposing of issues, 
i.e. in moving them from the stage of conten- 
tion to a class of issues which the actors in the 
policy process judge to be in a state of satisfac- 
tory, if temporary, resolution. In comparing 
two action programmes, A and B, A is pro- 
gressing if it succeeds in solving or ameliorat- 
ing problems which proved intractable for B 
(the comparison between the Keynesian pro- 
grammes of the New Deal and the laissez-faire 
approach of President Hoover comes to mind). 
Such criteria of progress may be further refined 
by distinguishing programme shifts that rep- 
resent faithful developments of the policy core 
from those that do not. For example, since the 
core principle of a national health service is 
that health care should be distributed accord- 
ing to ‘need’, a.return to the principle of 
ability-to-pay (e.g. through generalized user 
charges) would be a regressive move by this cri- 
terion, whatever its merits in terms of alloca- 
tive efficiency. One could, of course, argue that 
an apparently regressive move (such as Lenin’s 
New Economic Policy) may in fact be the best 
strategy for blocking serious threats to the in- 
tegrity of the policy core, for gaining time, and 
for attracting new support. But this only 
proves Lakatos’ point that, whatever criterion 
one adopts, one must not demand progress at 
each single step. Nor should we forget the role 
that persuasion can play in modifying the stan- 
dards by which progress is assessed. 


5. PERSUASION 


Scientific advocacy 


New ideas are even harder to sell than new 
products. Time is needed until favorable evi- 
dence accumulates and auxiliary ideas come to 
the rescue. The very criteria of evaluation have 
been patterned after the prevailing conceptions, 
and moulded by existing institutions; and what 
is counted as relevant evidence is determined 
by methodological rules distilled from past 
practice. Because established scientific - para- 
digms tend to become parochial in their range 
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of interests and intolerant of inconsistencies, 
ideas in agreement with accepted doctrines 
enjoy a considerable comparative advantage 
over unconventional proposals. 

The Copernican heliocentric theory is prob- 
ably the best-known example of an epoch-mak- 
ing idea gaining recognition only gradually and 
indirectly. Significant supporting evidence (stel- 
lar parallax and effect on falling bodies of the 
earth’s rotation) could not be produced until 
about 300 years after the first announcement of 
the theory. According to Ravetz, “up to the 
early seventeenth century, a judicious astro- 
nomer who had no metaphysical bias in his 
assessment would return the opinion ‘not pro- 
ven’ on the Copernican system, and treat it as 
an hypothesis” [15, p. 127]. 

Alexandre Koyré, and other historians of 
science after him, have likened to propaganda 
the work of Galileo in support of the Coperni- 
can hypothesis. 

“But propaganda of this kind is not a marginal affair 

that may or may not be added to allegedly more sub- 

stantial means of defence, and that should perhaps be 
avoided by the ‘professionally honest scientist’. In the 
circumstances we are considering now, propaganda is of 
the essence. It is of the essence because interest must be 
created at a time when the usual methodological pres- 
criptions have no point of attack; and because this inter- 
est must be maintained, perhaps for centuries, until new 

reasons arrive” [7, p. 52]. 

As one would expect, the role of persuasion is 
even more significant in the social sciences. 
Thus, in discussing Adam Smith’s principles of 
division of labor and free exchange, the authors 
of a well-known textbook write: “It is interest- 
ing that Smith’s book did not contain a logi- 
cally correct exposition; instead it contained a 
masterfully persuasive statement of the results 
of free exchange. It was Robert Torreus, who 
some forty years after the idea had been ‘sold’, 
demonstrated its logical validity. Possibly, had 
Smith tried to give a logically air-tight demon- 
stration, instead of suggestive plausible inter- 
pretation, he would never have made his ‘point’ 
popular” [1l,p. 211]. George Stigler adds 
Jevons and Béhm-Bawerk to the list of out- 
standing economists who “have employed the 
techniques of the huckster”. According to 
Stigler, techniques of persuasion “have pre- 
ceded and accompanied the adoption on a 
large scale of almost every new idea in econo- 
mic theory” [16, p. 5]. 

If persuasion plays such an important func- 
tion in the development of scientific ideas, can 
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policy analysts afford to slight it in the name of 
an historically mistaken view of scientific 
method? The moral of our examples is clear: 
the question is not whether analysts should use 
persuasion in proposing new policy ideas, but 
which forms of persuasion may be used effec- 
tively and without violating basic principles of 
professional ethics. 


Legitimate uses of persuasion 


Analysts attempt to influence policy by 
modifying the attitudes of policy-makers. When 
they produce relevant information, check for 
feasibility, develop models, and compare pro- 
fits and costs, they seek to change attitudes 
through cognitive means. But since attitudes 
do not depend exclusively on rational factors, 
cognitive means must often be reinforced by 
noncognitive modes of persuasion. Thus, style, 
elegance of expression, tension of plot and nar- 
rative may be needed to strengthen the effect of 
descriptive statements which, by themselves, 
would be incapable of altering prevailing atti- 
tudes. Indeed, in our culture maximum effec- 
tiveness in communication is achieved neither 
by purely rational, nor by purely persuasive 
means, but by a subtle blend of these two 
means of redirecting attitudes. 

Philosophers like Charles L. Stevenson have 
called attention to the phenomenon of ‘persua- 
sive definitions’. Even specialized languages 
contain many terms that have both a descrip- 
tive meaning (sometimes made precise by a 
technical definition), and an emotive (laudatory 
or derogatory) meaning. The purport of a per- 
suasive definition is to alter the descriptive 
meaning of a term by giving it greater analyti- 
cal precision; but the definition does not make 
any substantial change in the term’s emotive 
meaning. In the context of policy analysis, one 
needs only to think of terms like efficiency, 
optimality, rationality, scientific method, risk, 
pollution, and needs (as in ‘medical needs’). 
The emotive meaning of such expressions can- 
not be obliterated by any technical definition, 
however precise. What is even more important, 
the definition is actually used, often uncons- 
ciously, in an effort to modify attitudes by the 
interplay of emotive and descriptive meanings. 
Even the term ‘analysis’ profits from the lauda- 
tory connotation derived from triumphs of the 


analytic method in mechanics. Thus, we con- - 


tinue to speak of systems or policy analysis, 
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though most people agree that synthesis and 
design are actually more important. 

Since persuasion is such a pervasive linguistic 
phenomenon, the practical question is not 
whether to reject it, but which forms of per- 
suasion to reject. The history of science can 
help us in identifying situations in which per- 
suasion can be used legitimately in support of, 
but not in place of, rational analysis. Consider 
first a situation in which the psychological 
effect of purely rational arguments is not 
strong enough to overcome the inertia of long- 
established patterns of thinking—even after the 
need for a change has become clear. For 
example, it is unlikely that Copernicans could 
have survived the long march through the 
social and scientific institutions of their time 
had they accepted battle on the grounds cho- 
sen by their adversaries (mostly entrenched in 
the universities). Their propagandist appeals to 
“a new secular class with a new outlook and 
considerable contempt for the science of the 
schools, for its methods, its results, even for its 
language” [7, p. 182] appear justifiable in this 
context. 

Again, the impact of rational arguments on 
human minds may operate too slowly to bring 
about timely decisions. For instance, it is 
doubtful that sorely needed energy policies, 
requiring profound changes in values and atti- 
tudes, can be made acceptable by purely tech- 
nical arguments. Not surprisingly, some recent 
proposals (such as Amory B Lovins’ soft 
energy paths) owe their strong popular impact 
to an extremely sophisticated use of persuasive 
techniques—backed by some hard analysis. 

As a third example, consider the case in 
which the persuasive support of a new idea is 
in advance of the rational support. It may be 
that full evidence is hard to obtain (as in Gali- 
leo’s case); or that the technical tools for an 
adequate treatment of the problem do not 
exist; and it may be that experts disagree and 
science gives only ambiguous answers, as in 
many controversies over nuclear safety. In such 
cases, persuasive arguments (bolstered by 
whatever empirical and theoretical knowledge 
is available), may succeed in stimulating inter- 
est in the issue and keeping it alive until more 
adequate methods of analysis have been devel- 
oped. More generally, since policy analysis 
cannot produce logically binding proofs but 
only more or less reasonable arguments, it is 
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clear that persuasion can always play a signifi- 
cant role in increasing the credibility of the 
conclusions. 

One particular form of persuasion is ‘ratio- 
nalization’, which psychologists define as the 
attempt to explain a posteriori one’s actions by 
means of rational motives rather than by the 
‘real’ (unconscious) motives. One of the recur- 
rent criticisms of policy analysis is that it pro- 
vides ‘pseudoscientific rationalizations’ for 
politically or bureaucratically determined pos- 
itions. Thus, former US Secretary of Defense, 
McNamara, has been criticized for using cost- 
effectiveness studies as ammunition against 
congressmen who opposed antiballistic missiles 
(ABM), even though his own opposition to 
ABM was based on other factors. Whether or 
not this particular allegation is true, it is im- 
portant to understand that it is not necessarily 
dishonest to use justificatory arguments based 
on considerations different from those that lead 
us to the adoption of a given policy position. 
Policy arguments are always directed to par- 
ticular audiences, and there is nothing intrinsi- 
cally reprehensible in selecting the combination 
of facts, values, and analytic methods which 
seems to be most appropriate for a given 
audience. Indeed, there is no unique way to 
construct an argument: data and evidence can 
be selected in many ways from the available 
information, and there are several alternative 
methods for analysis and ways of ordering 
values. A policy, like a theory [9], is a cluster 
of conclusions in search of a premise; not the 
least important task of analysis is discovering 
the premises that make a set of conclusions 
internally consistent, and convincing to the 
widest possible audience. 

In this paper I have discussed a number of 
methodological issues suggested to the student 
of decision- and policy-making by the recent 
literature on the history and philosophy of 
science. Some interesting analogies between the 
policy process and its cognitive supports on 
the one side, and the process of scientific 
inquiry, on the other, have emerged. Of course, 
it is not so much the analogies that are impor- 
tant (however striking and heuristically useful 
they may be), as the methodological 
approaches they suggest. While these remain 
still largely untested, it seems possible to assert 
that the ideas discussed here clearly point in 
the direction of professional attitudes and intel- 


lectual orientations that differ significantly 
from those associated with older views of scien- 
tific method. 

One question that has not been explicitly 
discussed is, how scientific is policy analysis? 
For, as Professor Eilon has pointed out, one 
cannot debate such a question in the abstract, 
but only with reference to a particular concep- 
tion of science [5]. With respect to Popperian 
hypothetico-deductive methodology, Eilon 


concluded that operational research is a scien- 
tific activity, but not in every respect. An ana- 
logous conclusion may be stated for policy 
analysis. In this paper I have stressed the simi- 
larities with the process of scientific inquiry, 
but the differences are also important and per- 
haps deserve a separate investigation. 
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Several methods have been proposed to weight decision criteria. In this field study a decision group, 
like that used by public agencies, was formed to establish project priorities. The decision group used 
a variety of criteria weighting methods to study how these methods influence the magnitude of the 
weights assigned by members of the decision group. Direct criteria weighting methods (scaling, 
rank-weight, point assignment and odds procedures) and an indirect approach (weights derived from 
hypothetical projects) were considered. The study compared the methods in terms of the magnitude 
of the weights assigned, the variance in weights among members of the decision group, and the 
similarity of the decisions based on weights assigned by each method. The time to apply each 
method and the preferences of the decision makers were also determined. The linear rating scale 
that defined the meaning of scale increments, called an ‘anchored ratin scale’, was found to be 
favorably received and efficient and led to the most defensible decisions. 


INTRODUCTION 


DECISION MAKING in areas such as job 
choices [12], graduate school admissions [2], 
identifying areas of medical underservice [9], 
and specifying the severity of burns [8] has 
been improved when a quantitative index was 
used to describe the value of alternatives con- 
sidered. For most decisions, several criteria are 
believed to be important so the index must 
combine evaluation information stemming 
from multiple criteria. Such an index is made 
up of ‘objective’ information, evaluation data 
which ‘score’ each alternative using each of the 
criteria and ‘subjective’ information, the impor- 
tance of the criteria [12]. The product -of a 
‘score’ for each criteria and the criteria’s weight 
is added to provide an index for each course of 
action open to a decision maker or a decision 
group. For example, an alternative can be 
scored by its cost and its level of acceptance, 
weighted by the relative importance of cost and 
acceptance. 

A critically important task in decision mak- 
ing is assigning weights to criteria. A number 


of methods have been proposed to weight cri- 
teria [3, 7, 11] but these methods have not been 
compared to detect differences in the weights 
they establish or decision maker acceptance. 
This paper reports a field study which com- 
pared direct and indirect criteria weighting 
methods. 


CRITERIA WEIGHTING METHODS 
Indirect methods 


Indirect methods identify feasible courses of 
action open to the decision maker(s) to define a 
set of hypothetical decisions. For example, to 
specify the ‘quality of care’ in a nursing ward 
nurses were asked to rate hypothetical wards 
described by criteria depicting ‘hours of nurs- 
ing care per patient’, percent of care provided 
by RNs, the wards size and age, a neatness 
index and the nurse administrators ‘capability’ 
[10]. A hypothetical ward was then described 
as having Shr of nursing care, 40%RNs, 
5 years old etc. for the nurses to rate as excel- 
lent (80-100), good (60-80), average (40-60), 
fair (20-40) and poor (0-20). 
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Edwards [4] finds that people overestimate 
low probabilities and underestimate high pro- 
babilities, which he calls ‘conservatism’. Simi- 
larly, in making such decisions, decision 
makers (DM’s) may assign too high a value to 
courses of action they state are unimportant 
and too low a value to preferred alternatives. If 
conservatism influences ratings, direct scaling 
(e.g. selecting a rating between 0 to 100 for 
each alternative) should be avoided. 

Gustafson et al. [7] proposed odds-scales to 
overcome the conservatism bias. The odds pro- 
cedure, has the DM sort the alternatives to find 
the most preferred alternative and then the 
least preferred, continuing until the alternatives 
have been ranked. (Switching from most to 
least preferred reduces the information process- 
ing demands of the task). Next, the DM com- 
pares each alternative to the most important 
alternative, recording the ‘times more impor- 
tant’. This creates an ‘odds ratio’ for each alter- 
native. ANOVA techniques are used to corre- 
late the odds ratios (dependent variables) with 
the criteria levels (independent variables) to 
identify the implicit weights assigned to cri- 
teria. The weights are normalized, converting 
them to percentages for comparison purposes. 


Direct methods 


Anchored rating scales:(ARS): The ARS 
approach uses a continuous scale to encourage 
the decision maker to make fine discrimi- 
nations in an attempt to create interval scale 
properties in the weights assigned. Descriptors 
are selected which incorporate a salient attri- 
bute of the decision task. The descriptors are 
placed along the scale to define scale incre- 
ments and to identify the scale’s zero point 
clearly. To illustrate the ARS scale, criteria 
recommended to judge the quality of care in a 
nursing ward study described above, could be 
presented to a decision maker using the follow- 
ing format: 

Criteria: 


. Hours of Nursing Time 

. Proportion of RNs 

. Neatness Index 

. Administrative Capability 
. Size of Ward 

. Age of Ward 
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DMs are asked to draw a line from each of the 
criteria to a point on the linear scale which 
depicts their view of its importance. The scale 
values are normalized to express the values as 
percentages. 

Log scales: Some researchers have suggested 
that a DM’s ability discriminate is propor- 
tional to the log of the stimulus scale [13]. 
DMs may crimp their responses near the ends 
of a linear scale, assigning too high a value to 
unimportant criteria and too low a value to 
important criteria. Log scales have been pro- 
posed to overcome this tendency [7]. A log 
response mode allows the DM considerable 
latitude in the values assigned. As with the 
ARS scales, DMs would be asked to draw lines 
from criteria to a log-odds scale. These values 
are normalized, as above. 

Rank-weight methods: This method has DMs 
first ranking the criteria and then each specify- 
ing the criteria’s importance [7, 12]. The ration- 
ale cited for the odds estimation procedure 
applies. DMs are asked to order the criteria in 
terms of their importance and then weight the 
criteria using the odds procedure. As before, 
the criteria are normalized. 

Point assignment: This method uses integers 
which are associated with descriptors, such as 
5 = most important and | = least important 
[3]. The DMs assign an integer to each criteria 
to describe their view of its importance. 


THE DECISION TASK: ESTABLISHING 
PRIORITIES 


The study considered decisions made by 
public agencies to establish project priorities. 
Priorities for such agencies are needed to direct 
the agencies planning and request for proposal 
(RFP) efforts. Criteria serve as measures of the 


agencies mission, representing the effects 
sought from agency funds. 
To develop project priorities, members of an 


agency’s directorate can be surveyed to 
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dictates all aspects of quality 


dictates most aspects of quality 
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determine the importance of a set of criteria. 
The weights assigned by individuals are com- 
bined (often averaged) to create a concensus 
weight for a Board of Directors or decision 
group. 

This study established priorities for projects 
that could be initiated by a state or national 
heart association or a health planning agency. 
The following criteria were used: 


1. Target group: The total number of people 
affected by a certain health problem was 
defined as the population at risk. The average 
percentage survival from treatment is multi- 
plied by target group to give a ‘net target 
group’. For example, ‘Transposition’, a con- 
genital heart problem, will effect 125 infants, in 
a population of about 4 million, with a 60% 
survival rate, yielding a net target group of 85. 


2. Disability relieved: Disability has five 
levels: 


Class 0: People with no symptoms and no limi- 
tations. Class I: People with a health problem 
but with no limitation of physical activity. 
Ordinary physical activity causes no undue 
pain, fatigue, or other discomforts. Class II: 
People with a health problem that causes a 
slight limitation of physical activity. They are 
comfortable at rest and with mild exertion. 
They experience symptoms only with the more 
strenuous grades of ordinary activity. Class III: 
People -with a health problem that causes a 
marked limitation of physical activity. They are 
comfortable at rest, but experience symptoms 
even with the milder forms of ordinary activity. 
Class IV: People with a health problem that 
causes an inability to carry on any physical 
activity without discomfort. Symptoms are 
present, even at rest, and are intensified by 
activity. 

The ‘disability relieved’ is the change in the 
level of disability, after application of pertinent 
health services. Movement from Class III to 
Class II relieves 25% of disability (1 level/4 
possible increments of improvement). For 
example, hypertension may be treated by medi- 
cation to lower disability by 12%, from in- 
between Level II and Level I to Level I. 


3. Quality of life: Quality of life was defined 
as ‘residual disability’, the disability that 
remains after the application of pertinent 
health services. A 20% value would be attached 


to Class III and 100% value to Class 0. For 
example, the residual disability of mytrial 
stenosis, heart disease caused by Rheumatic 
Fever, is Level I (80%). 


4. Years of life: The difference in the average 
years of survival with and without treatment, 
determines the ‘years of life gained’. For 
example, an average life expectancy =f 20 
before treatment and 45 after treatment yields 
25 ‘years gained’. If the maximum number of 
years gained, across health problems, is 50, it 
becomes the denominator for the index. A 
comprehensive kidney disease program pro- 
vides about 12 years of life gained, yielding an 
index value of (12/50) 24%. 


5. Cost: Cost measured total the expendi- 
tures for pertinent health services including: 
hospital stay, physician and nursing charges, 
rehabilitation, and follow-up needs. 


Criteria are combined using a linear model. 
The linear model was adopted because the 
Slovic et al. [14] review of the literature finds 
that a linear model provides the most accurate 
predictions of the decisions made by indivi- 
duals or groups. The model is shown below: 


P; = byX4; + b2X2; + 


b3X3; + b4X4; + bs(1/xs5,] 


where b; = a weight that measures the impor- 
tance of criteria i (2 b; = 1) 


X1; = quality of life, for health problem j. 
X2; = disability relieved, 
x3; = years of life gained, 
X4j = het target group, 
X5; = cost of all medical care, 
P; = priority of health problem j. 


This model can be used to evaluate any set of 
projects. The extent to which each of the cri- 
teria has been satisfied by each project (e.g. this 
level of cost or disability) is multiplied by the 
criteria weights to form a priority index for a 
given project. 


STUDY PROCEDURE 


Procedures used to collect criteria weights 

To collect criteria weights indirectly, ten 
hypothetical projects were developed, as shown 
in Table 1. ‘High’ and ‘low’ levels for cost, dis- 
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TABLE |. HYPOTHETICAL PROJECTS 





Xi X2 
Project Quality of life Disability relieved 


X3 X4 Xs 
Life gained (Yr) Net target group Cost (per case) ($) 





Marked limitations 
No limitations 
Marked limitations 
No limitations 
Marked limitations 
No limitations 
Marked limitations 
No limitations 
Marked limitations 
Marked limitations 


No change 
No change 
One level 
One level 
No change 
No change 
One level 
One level 
No change 
No change 


CYNNDNNPWN— 


l 1000 
l 200 
I 1000 
1 200 
10 200 
10 1000 
10 200 
10 1000 
9 190 
11 210 


2500 
2500 
7500 
7500 
7500 
7500 
2500 
2500 
7300 
7600 





* Replication, like project 5. 


ability, quality of life, years of life gained and 
target group size were selected which created a 
meaningful range of values for each criteria. 
For instance, the ‘presence of symptoms’ (Level 
I) and ‘marked limitations’ (Level IV) were 
used to define a range of values for the dis- 
ability criterion. Project 1 in Table 1 would 
result in people with marked activity limita- 
tions, no change in disability relieved, one year 


Cost 


2 
ql 


Disability 
Quality of Life 


Target Group 


4 
_ 
4 
_— 
— 
= 





Years gained 


of life gained, with 1000 survivors, and a cost of 
about $2500 per person. Projects 9 and 10 were 
near replicates of project 5, to test the decision 
makers ability to discriminate. 

The criteria values describing projects | to 
10 were placed on index cards. DM’s were 
asked to sort the projects (or cards). First, the 
most preferred project was found and then the 
least preferred. The DMs alternated in this 
fashion until each project was ranked. Next, 
each DM compared the second ranked project 
to the highest ranked project, recording the 
‘times more important’ on the second card. The 
top ranked project is assigned a value of 1. If 
the first project was thought to be three times 
as important as the second project, a value of 
1/3 was assigned to the second project. Each 
project was compared to the top ranked pro- 
ject, assigning an odds ratio in this manner. 
The values for the odds ratios assigned to the 
projects by the panel were related with the pro- 


jects criteria level using ANOVA procedures. 
Sum of square values in the ANOVA identify 
the average weight assigned. These values were 
normalized to convert the weights to percents. 
This was termed the regression method. 

Next, each of the DM’s considered the im- 
portance of each criteria directly. The ARS 
scale was constructed, listing criteria alphabeti- 
cally, as shown below: 


specifies all aspects of a decision 


dictates most aspects of a decision 
dictates some aspects of a decision 
dictates a few aspects of a decision 


ignore when making a decision 


DMs were asked to draw arrows from each of 
the criteria to the scale to indicate their view of 
its importance. Values assigned each DM were 
normalized. (In practice these values would be 
averaged to create a panel concensus). 

To construct the log scale, the linear scale 
was replaced with log increments and the des- 
criptors were deleted. In all other ways the log 
scale was identical to the ARS scale. DMs drew 
lines to the scale. The values were normalized. 

For the rank—weight method, each of the cri- 
teria were placed on an index card. The DM 
ordered the criteria and then recorded the 
times more important on each card, following 
the odds procedure used to rate the projects. 
The odds ratios were normalized, to convert to 
percents. 

Finally, the DMs used point assignment to 
depict the importance of each criteria. In this 
project, 0 = unimportant, 1 = minimal impor- 
tance, 2 = important and 3 = crucially impor- 
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TABLE 2. SUBJECT DATA 





Experience (yr) 


Discipline 


Position 





DMI1 
DM2 
DM3 
DM4 
DMS 
DM6 
DM7 
DM8 
DM9 


Psychology 


R.N. 
Economist 


Hospital administration 
M.D. (General practice) 
M.D. (Internist) 

M.D. (General practice) 
M.D. (Pediatrics) 


Social science planner 


State task force on health 

Director state hospital association 
Dean medical school 

President state medical society 
State health officer 

Chairman Dept family practice 
President national league of nursing 
Director health planning agency 
Director health planning agency 





tant was used. The DMs assigned an integer 
between 0 and 3 to a list of criteria to depict 
their view of each criteria’s importance. As 
above, the values were normalized. 


Subject selection 


People were sought for the study that had 
considerable experience in a decision making 
capacity for organizations other than their 
own. A survey of the membership of statewide 
task forces, for two years prior to the study, 
revealed a list of individuals that frequently 
served as voluntary decision makers. The sub- 
jects were selected to insure that the study par- 
ticipants would have considerable experience 
in making decisions for agencies that had an 
ambiguous and complex mission. The list of 
potential members was pruned to include only 
those DMs that were familiar with the task of 
project selection. The DMs that were selected 
had considerable experience and all those 
selected agreed to participate. Consequently 
each DM was thought to have well defined, 
and potentially different, views of the impor- 
tance of each criteria. Table 2 describes some 
characteristics of the panel used in this study. 


Interview procedure 


Each DM was interviewed separately. The 
DMs were asked to view their role as a volun- 
teer decision maker for an organization, like a 
United Way Agency or the American Heart 
Association, that funds projects to improve 
health care. In the interview procedure, the 
DM was first given an explanation of task. 
Each of the criteria were defined and the re- 
quirements for the project and the criteria 
weighting tasks were described. (The order that 
the methods were presented to DM were ran- 
domized to control for learning effects). After 
weighting the criteria and the projects, the 
DMs were asked to rank each criteria weight- 


ing method in terms of their perception of its 
accuracy and its ease of use. Finally, the time 
to complete each task (after the explanation) 
was recorded. 


MEASURES OF EFFECTIVENESS 


Measures of consistency (determined dy 
‘induced’ variance and similarity of results), 
sensitivity, the preferences of participants, and 
time to apply were used to compare the criteria 
weighting methods. 

Consistency measures the ability of each 
method to produce similar project priorities or 
to yield similar criteria weights. A series of con- 
sistency tests were made. The Pearson product 
moment correlation was used to determine the 
degree that each method produced similar cri- 
teria weightings. If the magnitude of the 
weights assigned are similar, the most efficient 
or best liked method can be adopted. 

A priority list, using the weights stemming 
from each criteria weighting method, was con- 
structed for the hypothetical projects shown in 
Table |. The correlation coefficient between the 
indices obtained using each criteria weighting 
method was computed. The Fishers Z trans- 
formation was used to transform correlated 
data into a form that permits significance test- 
ing. The statistical significance of each corre- 
lation was determined. This statistic indicates 
the probability that true differences exist, con- 
sidering experimental variability and sample 
sizes. Again, if all methods generate similar 
priorities, the most efficient or best liked 
method can be selected. 

The variance in the weights assigned by each 
DM was thought to have two components. The 
variance due to differences in preferences 
among the DM’s participating in the study was 
called the inherent variance. Thus, some of the 
variability in weights assigned by the panel will 





Nutt—Comparing Methods for Weighting Decision Criteria 


TABLE 3. THE CRITERIA WEIGHT SET BY EACH METHOD 





Criteria Rank weight 


Point assignment 


ARS Log scale Regression 





0.37 
0.20 
0.10 
0.21 
0.12 


Quality of life 
Disability relieved 
Years life gained 
Target group size 
Cost per case 


0.23 
0.19 
0.20 
0.22 
0.16 


0.24 
0.20 
0.19 
0.23 
0.13 


0.30 
0.18 
0.17 
0.23 
0.13 


0.30 
0.22 
0.24 
0.14 
0.10 





be due to differences in the DM’s beliefs about 
the type of effects a project should seek. The 
variability due to the method is called induced 
variance. Induced variance stems from confu- 
sion about the method or inconsistences that 
arise because of information overloads, de- 
scribed by Gustafson et al. [7] and Edwards 
[4]. Selecting the method with minimum vari- 
ance should also provide a minimum value of 
induced variance. 

Overall sensitivity of each method was esti- 
mated. A ‘Laplace’ rule, equal criteria weights, 
was used to determine a priority list, assuming 
that bl = b2 = b3 = b4 = bS = 1/5. The priori- 
ties determined using each criteria weighting 
method were compared to the priorities that 
resulted when criteria were treated as having 
the same weight. The correlation coefficient 
between each pair of project priorities measures 
the similarity of the priorities. This procedure 
assumes the DM’s will, on the average, believe 
that some criteria are more important than 
others. 


Regression 
Rank weight 


EXPERIMENTAL RESULTS 


The average criteria weights assigned by the 
DM’s for each method are shown in Table 3. 
To determine if these weights were significantly 
different, a Pearson product moment correla- 
tion was calculated as shown in Fig. 1. The 
indirect or regression method produced criteria 
weightings distinct from all other methods. 
This finding is consistent with the literature 
which finds that indirect methods tend to pro- 
duce a wide range of criteria weightings [12]. 
The rank weight method produced criteria 
weightings that were somewhat dissimilar from 
ARS and point assignment. In contrast, the 
log odds method produced weights that were 
quite similar to the ARS, point assignment, and 
rank weight methods (P < 0.04), suggesting 
that these methods create comparable, if not 
identical, results. 

The observed differences between regression 
and the other methods could be attributed to 
the conservatism phenomena, which may arise 


assignment 
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Fic. 1. Pearson correlation matrix. 
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Fic. 2. Comparison of weights obtained for each method and 
subject for quality of life criterion. 


in weighting criteria as well as estimating prob- 
abilities. Also, the rank weight method used an 
odds estimation procedure and this method 
also produced different weightings from two of 
the remaining three methods. These differences 
could be attributed to the odds procedure, 
which attempted to control for ‘conservatism’ 
in the criteria weighting task. 

To illustrate these differences, Figs 2 and 3 
compare weights obtained, by DM, for each 
method. These figures compare the ‘cost’ and 
‘quality of life’ criteria, because differences in 
preference among DMs were greatest for the 
quality criterion and least for the cost criterion. 
Differences in the curves reflect differences in 
the preferences among the panel members. 
DM 4 assigned weights with the greatest range 
in value and DM 6 assigned weights with the 
smallest range. To illustrate, Fig. 2 indicates 
that DM 4 believed that the importance of the 
‘quality of life’ criterion’s weight varied from 70 
to 25%; depending on the method used. In 
contrast, DM 6 weights varied from 15 to 25%. 
For the cost criteria, DM 4’s estimates ranged 
from 5 to 15% and DM 6 from 10 to 20%. 

The variance among the weights assigned by 
DM’s was calculated for each method. As 
shown in Table 4, the variance was minimal for 
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the point assignment method. However, the re- 
stricted response mode of the point assignment 
method suggests that its variance may be artifi- 
cially low. One would expect a low variance 
when only four choices were permitted. Conse- 
quently, selecting the point assignment method, 
using a minimum variance test, seems ques- 
tionable. The ARS method had the next lowest 
variance. Compared to the ARS scale, the 
regression method has 20% more variance, the 
log scale nearly 200% more variance, and the 
rank weight method nearly 300% more vari- 
ance. 

The operational importance of the different 
criteria weights was also investigated. Weights 
obtained using each method were used to com- 
pute an index for each of the hypothetical pro- 
jects, thereby creating a priority list. Each 
index was compared to the value assigned to 
these same projects by the DMs. (This com- 
parison assumes that the subjective value 
assigned to each project represents that value 
that would have been assigned in a real deci- 
sion situation.) Should the criteria weighting 
methods produce the same priority order, the 
choice among the methods can be dictated by 
preferences and efficiency. 

The results are summarized in Tables 5 and 
6. A high correlation was found between the 
indices based on each of the methods and the 


Criteria weight assigned 
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subject for cost criterion. 
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TABLE 4. VARIANCE AMONG DECISION MAKERS FOR EACH CRITERIA WEIGHTING METHOD 





Rank Point 
weight assignment ARS Log-scale Regression 





Quality of 

life 0.3940 0.0408 0.0247 0.1606 0.0447 
Disability 

relieved 0.0403 0.0018 0.0758 0.0471 
Years of life 

gained 0.1006 0.0240 0.0602 0.0899 
Target group 

size 0.2902 0.0136 0.0539 0.0353 
Cost per case 0.0510 0.0642 0.0404 0.0408 


Mean parameter 

variance 0.0219 0.0057 0.0065 
Maximum 

variance 0.0493 0.0205 0.0112 
Minimum 

variance 0.0050 0.0002 0.0044 





TABLE 5. EFFECT OF CRITERIA WEIGHTING METHOD ON GROUP DECISION 





Rank Point Log Unweighted Actual 
Project weight assignment ARS __ scale criteria rating 





0.525* 0.534 0.523 0.532 0.536 0.265 
0.625 0.496 0.493 0.564 0.503 0.270 
0.493 0.691 0.483 0.477 0.440 0.389 
0.595 0.650 0.453 0.506 0.444 0.301 
0.448 0.185 0.400 0.497 0.404 0.294 
0.843 0.709 0.829 0.844 0.776 0.534 
0.729 0.588 0.567 = 0.531 0.628 0.372 
1.000 1.000 1.000 1.000 1.000 1.000 
0.427 0.343 0.346 = §=0.345 0.338 0.264 
10 0.344 0.405 0.391 0.407 0.397 0.316 


Correlation with 


actual ratings 0.80 0.78 0.89 0.86 0.88 
Significance 0.005 0.008 0.0005 0.001 0.0008 


l 
2 
3 
4 
5 
6 
7 
8 
9 





* Index computed for values of project 1 (Table 1) using criteria weights from the 
rank-weight method. 


TABLE 6. PROJECT RANK BY METHOD 





Rank Point Log Unweighted Actual 
Project weight assignment ARS _ scale criteria rating 





COOH wWNWOIAAUNA 


CORK UNIADOWA 


COOK wNMOAYIUNA 


COMI DAUNSP WN 
COOK WNWOUNANLHD 
COOK MNO WAD 
DAO—- kN INWHO 


[Spearman Rank Correlations] 
Actual rating 0.85 0.65 0.48 
Significance 0.01 0.05 ns. 


Unweighted 
criteria 0.77 099 0.94 


Significance 0.05 0.01 0.01 
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priorities assigned by the DMs to the hypo- 
thetical projects. To determine the significance 
of these correlations the Fishers Transforma- 
tion was used to control for dependencies 
among successive indices. This precaution 
proved to be unnecessary. The correlation 
between the transformed and non-transformed 


Most Accurate (1 = best and 5 = worst) 
Point 
Rank-weight Assignment 
2.7 4.0 


. Easiest To Use (1 = best and 5 = worst) 
2.9 1.3 


values ranged from a low of 0.92 to a high of 
0.98 (P < 0.0001). 

The project priority index that stemmed 
from each method were very similar to the 
actual priority indexes assigned by the DMs 
(Table 5). Each of these methods did a credible 
job in predicting the index that would be 
assigned. Point assignment had the lowest cor- 
relation (0.78) and the ARS method the highest 
(0.89). All correlations were highly significant. 

Table 6 shows the projects ranking. This 
rank represents the order the projects would be 
funded or implemented, based on the index 
values in Table 5. This analysis finds more 
pronounced differences between the methods. 
The ranks in Table 6 were compared using a 
Spearman rank correlation. Surprisingly, point 
assignment had the highest correlation (0.85). 
At the other extreme, the log scale had a corre- 
lation of 0.48. The ARS method had the second 
highest correlation with the actual rankings 
(0.65). 

The time to carry out each method was 
measured along with the time necessary to 
explain the rational behind the criteria weight- 
ing method and how it would be used. The 
point assignment, ARS and log-odds methods 


Induced variance 
ARS/Point assignment 
Regression 
Log scale 
Rank weight 


had very similar time demands, requiring an 
average of 12 min to carry out, with a range of 
6-35 min. Next was the rank-weight- method, 
which required an average of 15min (with a 


Project score 


Log scale 
Rank weight 
Point assign 


range of 8-40 min), followed by the regression 
approach with an average of 30min (with a 
range of 35—60 min). 

The subjective views of participants were 
obtained by asking them to rank the methods 
in terms of their ‘perceived accuracy’ and their 
‘ease of use’. The average rankings are shown 
below: 


Log odds 
Scales 
3.9 


ARS 
3.1 


Regression 
1.2 


3.1 3.7 3.7 


Regression was thought to be the ‘most accu- 
rate’, followed by ARS and the rank-weight 
methods which were believed more accurate 
than point assignment and log-odds scales. 
Point assignment was seen as the easiest to use, 
followed by ARS and rank-weighting which 
were viewed as much easier to apply than 
regression and log-odds scales. 

To detect the extent different weightings 
create distinct decisions, a priority index was 
computed with equal criteria weights. If 
unweighted criteria produce similar priorities, 
the need for criteria weighting in the decision 
task under study can be questioned. The rank- 
ings stemming from each method were quite 
similar to the rankings, using unweighted cri- 
teria (Table 6). This suggests that criteria in 
this study were viewed as having nearly the 
same importance. Differences between methods 
may be submerged because the decision panel 
attached considerable importance to each of 
the criteria. Other decision tasks should be 
studied to determine if wide divergence in cri- 
teria weights modify these findings in any way. 

A summary of the tests applied in this study 
suggests the following ranking for the criteria 
weighting methods. 


Project rank 
Point assignment 
ARS 
Rank weight 
Log scale 


ARS 


While no definitive choice can be made, it 
appears the ARS scale had the best reliability. 
Point assignment also performed well but 
studies that use a wider response mode seem 
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necessary. The claims for log and related non- 
linear scales were not supported in this study. 
No compelling evidence to use odds pro- 
cedures was found. 


CONCLUSIONS 


Validity is the strongest test that can be 
applied when selecting among criteria weight- 
ing methods. For instance, radiologists select 
between a diagnosis of ulcers or stomach 
cancer using a patient’s radiograph [6]. Radi- 
ologists could weight the importance of ‘cues’ 
(criteria) they contend signal cancer or ulcers, 
using each of the criteria weighting methods. A 
test of the predictive accuracy for each method 
could be made by using stomach x-rays from 
post-operative patients. In this experiment, the 
criteria weighting method could be identified 
that had the highest proportion of correct diag- 
noses. However, this type of study can only 
validate the decision, not the values assigned to 
given criteria as importance measures. 

This study illustrates a class of decision 
problems where validity is not defined. Many 
decisions, like priorities, depend in part on 
societal values. For this class of decision prob- 
lems, consistency is either a desirable or an 
essential attribute. For instance, law suits that 
allege ‘caprice’ can be defended in the courts if 
the organization can demonstrate that its 
choices adhered to formally stated rules. 

This study found that the ARS method of 
criteria weighting had the greatest consistency. 
The similarity of decisions (priorities) made by 
the panel was the highest when criteria weights 
from the ARS method were used. ARS was 
easily understood and took less than 15 min to 
apply. A demonstration of the ARS method’s 
low induced variance and ability to predict the 
decisions may enhance its perceived accuracy. 
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Strategic Program Evaluation (SPE) is proposed as a method for linking the choice elements of 
corporate strategy—missions, objectives, strategies, goals, programs etc.—to ensure that strategic 
plans are implemented. Such a use of SPE requires the exposition of the specific relationships among 
the strategic choice elements and the development of evaluation criteria that can be used to develop 
a program structure that effectively implements higher level strategic decisions. 


INTRODUCTION 


THE LITERATURE of planning is replete with 
descriptions of plans that have been painstak- 
ingly developed and then ‘placed in a file’ while 
critical program and project decisions in the 
organization are made without reference to the 
plan. In such cases, the strategic plan is not 
being effectively implemented since programs 
and projects are the key activities through 
which a plan must be carried out. 

In a recent audit of the existing and planned 
programs in the central research laboratory of 
a major diversified firm, the author found: 


(a) Programs and projects that could not be 
associated with any business or corporate 
objective or strategy. 


(b) Programs and projects which apparently 
fell outside the stated mission of the corpor- 
ation or the charter of the laboratory. 


(c) Projects whose funding levels could not 
reasonably be justified in terms of the 
expected benefits to be produced. 


Such observations have so frequently ema- 
nated from less-formal analyses in other. com- 
panies as to suggest the existence of a faulty 
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linkage between corporate plans and strategy 
and the programs and projects through which 
they should be implemented. It is the purpose 
of this paper to specify and develop ‘strategic 
program evaluation’ (SPE) as the appropriate 
linkage and to demonstrate how it may be 
applied using examples taken from real busi- 
ness situations. 


THE CHOICE ELEMENTS OF 
CORPORATE STRATEGY 


Because of the semantics jungle which exists 
in the area of business policy and strategy, it is 
necessary to rather precisely define the terms to 
be used. The choice elements of corporate stra- 
tegy—those choices that must be explicitly or 
implicity made in the corporate strategic plan- 
ning process—are the Organization’s: 

Mission—the ‘business’ that the organization 
is in. 

Objectives—desired future positions on roles 
for the organization. 

Strategy—the general direction in which the 
objectives are to be pursued. 

Goals—specific targets to be sought at speci- 
fied points in time. 

Programs/projects—resource-consuming sets 
of activities through which strategies are imple- 
mented and goals are pursued. 
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Resource allocations—allocations of funds, 
manpower etc. to various units, objectives, 
strategies, programs and projects. 

These informal definitions are meant to pro- 
vide a common framework for communication 
rather than to define the ‘correct’ terminology. 
Various firms may use different terminology, 
but none can escape the need to make choices 
of each variety. (These strategic choice ele- 
ments are treated in more detail elsewhere [1]). 

Most organizations conduct planning pro- 
cesses which are aimed at explicitly choosing 
all or some of these strategic choice elements. 
However, many firms fail to deal with all of the 
choice elements in the detail and specificity 
which each deserves. 

Often, for instance, missions are dealt with 
implicitly, as in the case of the firm that re- 
sponds to the mission concept by stating their 
mission to be, ‘We make widgets’. Such a pro- 
duct-oriented view of the organization’s busi- 
ness ignores new market opportunities and 
perhaps, the firm’s generic strengths. It is these 
opportunities and strengths which form the 
most likely areas for future success. Thus, it is 
these opportunities and strengths, rather than 
the current product line, which should define 
the mission. 

Strategies are almost always explicitly cho- 
sen by firms, but often strategies are thought of 
in output, rather than input, terms. In such 
instances, strategies may be described in terms 
of expected sales and profits rather than in 
terms of strategic directions such as product 
redesign, new products or new markets. 

Thus, the elements of strategic choice are 
inescapable in the sense that the avoidance of 
an explicit choice about any of the elements 
means that it is chosen implicitly. However, 
many firms make poor or inappropriate 
choices, both explicitly and implicitly, because 
they do not have a clear awareness of the rela- 
tionships among the strategic choice elements 
and their innate interdependence. 


RELATIONSHIPS AMONG THE 
STRATEGIC CHOICE ELEMENTS 


One of the most important conditions for 
the effective implementation of plans has to do 
with the relationships among the strategic 
choice elements. If these relationships are well 
defined, carefully analyzed and conceived, the 
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plan is likely to be implemented. If they are 
not, the plan is likely to be a voluminous docu- 
ment that requires substantial time and energy 
to prepare, but which is filed on the shelf until 
the next planning cycle commences. Indeed, 
many plans are so treated, precisely because 
they do not carefully spell out the relationships 
among various strategic choice elements and 
therefore do not provide the appropriate infor- 
mation that is necessary to guide the many 
decisions which must be made to implement 
the plan and to develop and manage the pro- 
jects and programs which are the operational 
essence of the plan. 

Figure 1 shows the elements of strategic 
choice in the form of a triangle which illus- 
trates that the mission and objectives are the 
highest level elements. They are supported by 
the other elements—the strategies, goals, pro- 
grams and projects. The strategic resource allo- 
cations underlie each of these elements. 

Figure 2 shows an illustration of these con- 
cepts in terms of a business firm. The mission 
chosen is that of ‘supplying system components 
to a world-wide non-residential air condition- 
ing market’. Note that while this mission state- 
ment superficially appears to be product- 
oriented, it identifies the nature of the product 
(system components), and the market (world- 
wide non-residential air conditioning) quite 
specifically. By exclusion, it guides managers in 
avoiding proposals for overall systems and 
strategies that would be directed toward resi- 
dential markets. However, it does identify the 
world as the company’s territory and (in an 
elaboration not shown here) defines air condi- 
tioning to include ‘air heating, cooling, clean- 
ing, humidity control and movement’. 

Supporting the base of the triangle are stra- 
tegies, goals and programs. The firm’s strate- 
gies are stated in terms of a_ three-phase 
approach. First, the company will concentrate 
on achieving its objectives through existing 
products and markets while maintaining its 
existing image. Then, it will give attention to 
new markets for existing products, foreign and 
restricted, while improving the company’s 
image. ‘Restricted’ markets may be thought of 
as those that require product-safety certifica- 
tion before the product can be sold in that 
market. Finally, it will focus on new products 


- in existing markets while significantly improv- 


ing its image. 
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Fic. 1. Relationship of strategic choice elements 
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Clearly, this is a staged strategy; one that 
focuses attention first on one thing and then on 
another. This staging does not imply that the 
first strategy element is carried through com- 
pletely before the second is begun; it merely 
means that the first element is given primary 
and earliest attention, then the second and 
third in turn. In effect, the first element of the 
strategy has its implementation begun first. 
This will be made more clear in terms of goals 
and programs. é 

At the right base of the triangle, a number of 
the firm’s programs are identified. Each of 
these programs is made up of a variety of prog- 
jects or activities. Each program serves as a 
focus for various activities having a common 
goal. For instance, in the case of the Product 
Cost Improvement Program, the associated 
projects and activities might be as follows: 


Quality Control Project 

Production Planning Improvement Project 

Production Control System Development 
Project 

Plant Layout Redesign Project 

Employee Relations Project 


All of these projects and activities are focussed 
towards the single goal of product cost im- 
provement. 

In the case of the Working Capital Improve- 
ment Program, the various projects and activi- 
ties might include a ‘terms and conditions’ 
study aimed at revising the terms and condi- 
tions under which goods are sold, an inventory 
reduction project etc. Each of the other pro- 
grams would have a similar collection of pro- 
jects and activities focussed on some single 
well-defined goal. 

The goals are listed in the middle—lower por- 
tion of the triangle in Fig. 2. Each goal is stated 
in specific and timely terms related to the 
Staged strategy and the various programs. 
These goals reflect the desire to attain 8.0% 
return on investment (ROJ) (a step along the 
way to the 14.5% objective) next year, along 
with a $1 dividend (the current level), a unit 
cost improvement of 5%, while maintaining 
image. For subsequent years, the goals reflect 
a climb to 14.5% (ROI), a steady and then 


increasing dividend, and an increasing and - 


measurable image consistent with the staged 


strategy that places image improvements later 
in the staged sequence. This is also consistent 
with the program structure, which includes an 
‘Image Assessment Program’, a program 
designed to develop methods and measures for 
quantitatively assessing the company’s image. 

Figure 3 shows the same elements as does 
Fig. 2, with each being indicated by number, 
letter or acronym. For instance, the block 
labeled 1 in Fig. 3 represents the first stage of 
the strategy in Fig. 2, the letter A represents 
next year’s goals etc. 

The arrows in Fig. 3 represent some illustra- 
tive relationships among the various objectives, 
programs, strategy elements, and goals. For 
instance, the arrows a, b, and c reflect direct 
relationships between specific timely goals and 
broad timeless objectives: 


(a) A, next year’s goals primarily relate to the 
objective of nondecreasing dividends. 


(b) B, the second year’s goals relate to the 
‘more socially conscious image’ objective. 


(c) D, the quantitative ROI figure is incorpor- 
ated as a goal in the fourth year. 


Of course, each year’s goals relate implicitly or 
explicitly to all objectives. However, these rela- 
tionships are the most direct and obvious. 
Similarly, arrow d in Fig. 3 relates the first 
year’s goals to the first element of the overall 
strategy in that these goals for next year are to 
be attained primarily through the strategy ele- 
ment involving ‘existing products in existing 
markets’. However, arrows e and f also show 
that the Product Cost Improvement Program 
(PCIP) and the Working Capital Improvement 
Program (WCIP) are also expected to contri- 
bute to the achievement of next year’s goals. 
The second year’s goals will begin to reflect 
the impact of the second strategy element 
(existing products in new markets) as indicated 
by arrow g in Fig. 3. The effect of the Product 
Redesign Program (PRP) is also expected to 
contribute to the achievement of these goals 
(arrow i) as is the Image Assessment Program 
(IAP) expected to provide an ability to measure 
image by that time. The other arrows in Fig. 3 
depict other rather direct relationships whose 
interpretation is left to the reader. 
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Fic. 3. Relationships among illustrative choice elements 


From this figure, relationships among the 
various strategic decision elements can be seen: 


(1) Goals are specific steps along the way to 
the accomplishment of broad objectives. 


(2) Goals are established to reflect the expected 
outputs from strategies. 


(3) Goals are directly achieved through pro- 
grams. 


(4) Strategies are implemented by programs. 


Thus, the picture shown in Fig. 3 is that of an 
interrelated set of strategic factors that demon- 
strate both what the company wishes to accom- 
plish in the long run, how it will do this in a 
sequenced and sensible way, and what perform- 
ance levels it wishes to achieve at various 
points along the way. 


STRATEGIC PROGRAM 
EVALUATION 


Figures 1-3 make it clear that the various 
elements of strategic choice are mutually sup- 
portive. However, there remains the question 
of how this high degree of interdependence can 
be effectively attained. 

Certainly, an understanding of the logical 
relationships that are depicted in these figures 
should itself lead to better subjective choices in 
the planning process. However, while subjec- 
tive judgement can be appropriately applied at 
the higher levels of strategic choice because 
these elements are tractable, it is an inadequate 
basis for choice at the lower levels of program/ 
project selection and funding. 

In other words, no formal techniques are 
needed in choosing among alternative missions 
and objectives because these choices must 
inherently be made on a primitive basis of the 
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personal values and goals of management and 
other stakeholders. At this level, there are only 
a few viable options from which choices must 
be made. 

At the level of programs, projects and 
resource allocations, quite the opposite is the 
case. There are many contenders and combina- 
tions of contenders to be considered. Thus, 
some formal approach may be useful. Indeed, 
such an approach is not only practically useful, 
but it forms the integrating factor in the array 
of strategic choice elements. 

The integrating factor is a strategic program 
evaluation approach which directly utilizes the 
results of the higher level strategic choices to 
evaluate alternative programs, projects and fund- 
ing levels. ‘Project selection’ approaches are 
well-known and widely used in industry for the 


Programs / Projects 


FILTER CRITERIA 
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selection of engineering projects, R & D pro- 
jects and new product development projects. 
However, if program/project evaluation is to 
be the key link in unifying the array of organi- 
zational strategic choice elements, the evalu- 
ation framework must itself be ‘an integral ele- 
ment of the strategic plan. 

Figure 4 indicates in general terms how an 
idealized program/project evaluation process 
can serve as an integrating factor for the firm’s 
array of strategic choices. It shows a wide var- 
iety of potential projects and programs being 
‘filtered’ through the application of strategic 
criteria that are based on the higher-level 
choices that have previously been made—the 
organization’s mission, objectives and strate- 
gies. The output of this filtering process is a set 
of rank-ordered project and program opportu- 


Rank -Ordered 





To Be Considered 


) 





Is it 


Programs / Projects 





within the scope 
of the mission? 


Will it help to achieve 


objectives? 


Is it consistent with 


strategy? 








Fic. 4. An evaluation of programs/projects 
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nities that can serve as a basis for the alloca- 
tion of resources. 

Other important criteria must come into 
play in implementing this evaluation process. 
These criteria are those that are generic to a 
good specification of the organization’s mis- 
sion, objectives and strategy. However, they 
must be specifically addressed if programs and 
projects are to truly reflect corporate strategy. 
These criteria are: 


(1) Does the opportunity take advantage of a 
strength that the company possesses? 


(2) Correspondingly, does it avoid a depen- 
dence on something that is a weakness of 
the firm? 


(3) Does it offer the opportunity to attain a 
comparative advantage over competitors? 


(4) Does it contribute to the internal consist- 
ency of the existing projects and programs? 


(5) Does it address a mission-related opportu- 
nity that is presented by the evolving mar- 


ket environment? 


(6) Is the level of risk acceptable? 


(7) Is it consistent with established policy 
guidelines? 


A strategic program evaluation illustration 


A strategic program/project evaluation 
framework based on these criteria is shown as 
Table 1. In the left-most column of the table is 
a set of evaluation criteria that relates to the 
example in Figs 2 and 3. The body of the table 
shows how a proposed new program to begin 
manufacturing of system components in Eur- 
ope might be evaluated. 

The ‘criteria weights’ in the second column 
of the table reflect their relative importance 
and serve to permit the evaluation of complex 
project characteristics within a simple frame- 
work. A base weight of 20 is used here for the 
major criteria related to mission, objectives, 
strategy and goals. Weights of 10 are applied to 
the generic criteria. 

Within each major category, the 20 ‘points’ 
are judgementally distributed to reflect the 
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relative importance of subelements or some 
other characteristic of the criterion. For 
instance, the three stages of strategy and the 
four subgoals are weighted to ensure that 
earlier stages and goals are treated to be more 
important than later ones. This implicitly re- 
flects the time value of money without requiring 
a complex discounting calculation. 

The first criterion in Table 1 is the ‘fit with 
the mission’. The proposal is evaluated to be 
consistent with both the ‘product’ and ‘market’ 
elements of the mission and is thereby rated to 
be ‘very good’, as shown by the 1.0 entries in 
the upper left. 

In terms of ‘consistency with objectives’, the 
proposal is rated to have a 20% chance of 
being ‘very good’ in contributing to the ROI 
element of the objectives (see Fig. 2), a 60% 
chance of being ‘good’ and a 20% chance of 
being only ‘fair’, as indicated by the likelihoods 
entered into the third row of the table. The 
proposed project is rated more poorly with re- 
spect to the ‘Dividends’ and ‘Image’ elements. 

The proposal is also evaluated in terms of its 
expected contribution to each of the three 
stages of the strategy as outlined in Fig. 2. In 
this case, the proposed project is believed to be 
one which would principally contribute to 
stage 2 of the strategy. (Note that only certain 
assessments are made in this case since the 
stages are mutually exclusive and exhaustive.) 

The proposal is similarly evaluated with re- 
spect to the other criteria. 

The overall evaluation is obtained as a 
weighted score that represents the sum of 
products of the likelihoods (probabilities) and 
the 8, 6, 4, 2, 0 arbitrary level weights that are 
displayed at the top of the table. For instance, 
the ‘consistency with objectives-ROIT expected 
level weight is calculated as 


0.2(8) + 0.6(6) + 0.2(4) = 6.0 


This is then multiplied by the criterion weight 
of 10 to obtain a weighted score of 60. The 
weighted scores are ther summed to obtain an 
overall evaluation of 690. 

Of course, this number in isolation is mean- 
ingless. However, when various programs and 
projects are evaluated in terms of the same cri- 
teria, their overall scores provide a reasonable 
basis for developing the ranking shown on the 
right side of Fig. 4. Such a ranking can be the 
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basis for resource allocation since the top- 
ranked program is presumed to be the most 
worthy, the second-ranked is the next most 
worthy etc. 


SUMMARY 


The strategic program evaluation framework 
that is developed and demonstrated here pro- 
vides the integrating factor that is necessary if 
strategic plans are to be effectively imple- 
mented. The critical element of the evaluation 
approach is its use of criteria which ensure that 
programs will be integrated with the mission, 
objectives, strategy and goals of the organiz- 
ation as well as criteria that reflect generic ele- 
ments of strategy such as business strengths, 
weaknesses, comparative advantages, internal 
consistency, opportunities and policies. 


If this strategic program evaluation 


approach is made to be an integral part of the 
planning process, plans will no longer be 
viewed merely as documents to be filed for 
future reference and every program will be jus- 
tified in terms of its contribution to the plan 
and to the overall strategy of the organization. 
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This paper is concerned with the issue of assessing the relative performance of unaided decision- 
makers and model-based optimal solutions to managerial decision problems. This has important 
implications for project selection, research direction and management training. Some possible 
approaches designed to achieve such comparisons are examined and examples given. Some experi- 
mental studies are reported, set in the context of distribution management, which make use of one 


of the research strategies discussed. 


INTRODUCTION 

SHOULD a manager refer a particular prob- 
lem to the OR team within the organisation? 
Given such a reference, should the OR team 
develop a formal mathematical model of the 
situation or simply provide ‘quantitative 
insights’ to assist the manager in his decision? 

In practice such issues are frequently 
resolved on the basis of experience (or preju- 
dice), the urgency of the decision and the 
resources available for analysis. But are there 
any principles which can determine in advance 
whether a mathematical model can make a sig- 
nificant contribution to the quality of the deci- 
sions taken? McClelland [6] lists three features 
of the situation which he considers influence 
the contribution OR models could make: the 
scale of the resources at stake; the complexity 
of the problem and the adequacy of the predic- 
tive data used. He claims that OR is most use- 
ful with large amounts at stake, complex prob- 
lems to be solved and adequate predictive data. 
“As we move away from this situation” he con- 
tinues, “with less adequate data, mathematics 
becomes less competent to help; with less 
complex problems, it becomes less necessary; 
with less at stake, it becomes less worthwhile”. 
This response, however, seems rather one-sided 
since one is concerned not only with the per- 
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formance of the model but with the perform- 
ance of the alternative, the unaided manager. 
(For instance, if OR models perform badly 
with poor quality predictive data, do unaided 
managers perform better?) By unaided we 
simply mean that the manager has no formal 
model available—he may well have access to 
other aids and we may conjecture that he will 
make use of a ‘mental’ model. For want of a 
better word we call such decision making 
‘intuitive’. 

A general research study of a comparison 
between model based and intuitive decisions 
presents serious methodological difficulties. An 
obvious difficulty is that in practice the alterna- 
tivés are not decisions taken by models and 
decisions taken by unaided managers. When 
models are involved the manager still takes the 
decision having ideally interacted with the 
model throughout its development, testing and 
solution phases, catalysed by the OR analyst. 
Thus any such general research must-of neces- 
sity be involved in a study of the interaction 
process itself. 

The studies reported later in this paper are 
considerably more modest in scope. We are 
concerned with some decision problems in dis- 
tribution management which are sufficiently 
well defined for optimal solutions to exist. The 
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long-term aim is to identify those conditions 
where OR models, incorporating optimisation 
techniques, provide significantly different solu- 
tions to those arrived at intuitively, and in so 
' doing to refine our understanding of intuition 
itself. Thus although our principal item of 
interest is the relationship between a subject’s 
solution and the optimal solution from the 
model, it is also of considerable interest to dis- 
cover how the subject approaches the problem, 
eg what information the individual regards as 
most relevant in solving a particular problem. 
In this way we can begin to build up a picture 
of the subject’s ‘mental model’. 

We have deliberately chosen to make use of 
optimising models within distribution manage- 
ment, as a first step for experimental study. It 
should be understood that we do not necess- 
arily imply that the optimal solution to the 
model corresponds to the ‘best’ solution to the 
problem the model represents, and we are 
conscious of the current debate which sur- 
rounds optimisation procedures (e.g. Ackoff 
[1]). However, for our purposes an optimal 
solution derived from a model is a most conve- 
nient reference point with which to compare 
human decisions. The choice of distribution as 
a management area was partly suggested by 
the wide range of standard models that exist 
(e.g. Eilon et al. [2] and Sussams [11]) and the 
fact that little work has been carried out to 
compare intuitive and optimal solutions in this 
area. An additionally attractive feature is the 
possibility of representing some of the prob- 
lems visually—which has been found to 
enhance performance in previous studies (e.g. 
Scriabin and Vergin [10]). 

More generally the research area—as exem- 
plified by these particular studies in distribu- 
tion—seems worthy of study for a number of 
practical reasons. It has implications for the 
selection of projects by an OR group, it could 
indicate areas of research into modelling situ- 
ations with high pay-off. Probably more im- 
portant, it could suggest an interesting devel- 
opment for management training. Emshoff [3] 
sees a new role for models in the 1980s in lead- 
ing to what he calls “Experience Generalised 
Decisions”. In order to bring this about he 
states “a major commitment must be made to 
develop and refine mental models of problem 
environments”. Perhaps this might be achieved 
by developing a new generation of manage- 
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ment games incorporating optimisation tech- 
niques, with both the manager and the analyst 
benefiting from the ensuing dialogue. 


ALTERNATIVE APPROACHES TO 
DECISION COMPARISONS 


To make a valid comparison between a 
manager’s intuitive decision and a model based 
‘optimal’ decision is a peculiarly difficult task. 
Clearly one cannot implement both the intui- 
tive and the model based decisions in a given 
situation and compare their actual conse- 
quences. So what alternatives are there for such 
a comparison and how do they differ in vali- 
dity? Figures 1—S indicate five possible schemas 
for comparison studies, none of which is free 
from methodological objections and the vali- 
dity of each may be expected to be somewhat 
situation/problem dependent. The left hand 
path in each fig. represents the activities of the 
model builder. The right hand path represents 
the activities of the unaided decision maker. 

In Fig. | the comparison is effected by inde- 
pendent ‘shadow’ decision making. The 
manager perceives the real world problem and 
constructs his mental model from which the 
consequences of alternative courses of action 
become more or less clear to him. He then 
takes a decision on the basis of a set of prefer- 
ences and values not all of which may be cap- 
able of being verbalised. The comparison pro- 
ceeds by the model builder perceiving the 
problem independently of the decision maker, 
constructing a formal model and then optimis- 
ing it with respect to an explicit value set. The 
optimal solution which has not been imple- 
mented may then be compared with the 
manager’s decision, which has. 

Two major shortcomings of this form of com- 
parison are immediately apparent: 


(a) We are interested not so much in a com- 
parison between the optimal solution and 
the actual decision but between the conse- 
quences of each. In the case of the optimal 
solution the consequences will be model 
based predictions, untested by implementa- 
tion, and in a situation of any complexity 
these must be regarded as somewhat specu- 
lative. As far as the actual decision is con- 
cerned it may be difficult to distinguish the 
consequences of that decision from those of 
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Fic. 4. Model world decisions. 


The left hand path in each figure rep- 

resents the activities of the model builder. 

The right hand path represents the activi- 
ties of the unaided decision maker. 


Fic. 5. Modelling the decision maker’s performance. 


other decisions in contiguous areas of oper- 
ation. 


(b) The perceptions of the model builder and 
the decision maker are likely to differ partly 
on account of individual differences, but 
more so as a result of group differences 
between professions, e.g. analysts whose 
aim is to build a mathematical model of a 
problem may structure the problem differ- 
ently from decision makers who do not. 
Not only does this confound the compari- 
son between the mathematical model and 


the manager’s mental model, it renders less 
conclusive any discussion on the conse- 
quences of the decision reached. 


One possible approach to overcoming limi- 
tation (a), the non-implementation of shadow 
decisions, is to carry out a paired comparison. 
This design is illustrated in Fig. 2. The idea is 
that two separate environments, judged to be 
equivalent in terms of a particular decision 
problem (e.g. two differently sited manufactur- 
ing plants of a company), are used in parallel. 
In one, intuitive decisions are taken on an 
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aspect of operations; in the other the corre- 
sponding decisions are taken using an optimis- 
ing model. Comparisons are then made 
between the performance of the two. While this 
design ensures that the comparison is made 
between implemented decisions it opens the 
gap between perceptions even further than with 
shadow decision making. Who, for instance, is 
to be the judge of the environments being 
equivalent? It is a common experience for 
model builders that experienced decision- 
makers claim uniqueness of their environment. 
Certainly a comparison of strategic decision 
making is precluded in this way, and even with 
tactical decisions there is rarely the opportu- 
nity of obtaining large enough samples to 
ensure a valid comparison. 

As an attack on the differing perceptions the 
schema shown in Fig. 3 could be a possible 
experimental design. In this the model builder 
makes almost exclusive use of the decision 
maker’s perception of the problem, particularly 
with regard to the features over which he 
chooses to exert control and the criteria which 
he judges to be important, rather than those 
which would naturally occur to an analyst. 
Thus the models he builds are those which 
generalise and, in the current context, optimise 
the experience of the decision maker. Using 
this design it should therefore be possible to 
assess the information processing capability of 
the optimising model with that of the unaided 
decision maker. The solution from the model 
will be one with which the decision maker will 
be familiar and, given a well-structured en- 
vironment, the predicted consequences may 
permit an effective comparison. An example 
which forms the basis of an operational, rather 
than a research, study is given by Montagnon 
[8] in which he generalises the perceptions of 
manual schedulers in a large job shop. 

Another way of reducing the effect of the 
perceptions gap between the model builder and 
the decision maker is by allowing the former to 
specify a ‘model world’ (to which the optimis- 
ing model applies perfectly) and asking the lat- 
ter to take decisions within it (Fig. 4). Neither 
the optimal nor the intuitive solution will of 
course be implemented but since they can both 
be evaluated precisely within the model world 
this is of less importance for comparison pur- 
poses. The description of the model world 
involves a specification of decision alternatives, 
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assumptions about behaviour, and the critieria 
which the model builder has chosen to apply. 
Effectively we are asking the decision maker to 
play a ‘game’ in a world which is more abstract 
and considerably better specified than the one 
with which he is familiar. 

The prime danger in this process of abstrac- 
tion is that we are effectively restructuring the 
problem into a form which is unfamiliar to the 
decision maker. The new form of the problem 
may lead the decision maker into a method for 
resolution with which he is ill-equipped to deal. 
For example he may be able to detect an 
underlying mathematical ‘structure’ but may 
not be able to carry out the manipulations 
which he can see would be required. In the 
process of abstraction we may have stripped 
the problem of a structure with which the deci- 
sion maker is better equipped to deal—through 
his perceptual processes, experience and so on. 

Despite the shortcomings in this design—a 
comparison of model world decisions—it has 
attracted the attention of research workers in 
this area. For example Taylor and Dunette 
[12] put 79 managers through a simulated 
decision concerning the promotion of one of 
three hypothetical salesmen. Of particular 
interest was their “systematic and objective 
measurement of decision processes at the 
various stages of decision-making”. For this 
problem there was not a parallel optimising 
model with which the managers’ decisions were 
compared—in fact more attention was devoted 
to the way the decision was reached than the 
decision itself. 

One problem for which an optimising model 
does exist, and which has been used in a 
number of comparison studies is that involving 
multi-period production planning. Here the 
subjects, supplied with demand forecasts, 
decide on production (or manning) levels 
period by period in the face of inventory costs 
(holding cost and back-order cost) and produc- 
tion change costs. The ‘model world’ consists 
of forecast errors which are independent and 
identically distributed with zero mean, and a 
specified cost structure. For any cost structure 
an optimal solution, with respect to some plan- 
ning horizon, can be obtained by dynamic pro- 
gramming; for a quadratic cost structure an 
optimal solution may also be obtained from a 
linear decision rule (LDR). 

In Meyer and Muijen’s [7] study of this 
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problem they found that the subjects improved 
for a while without ever reaching a stable and 
consistent strategy. Performances varied enor- 
mously, amounting to a factor of two or three 
in cost between the best and the worst subject. 
Moskowitz [9] used a quadratic cost function 
in his model world, “explicitly unknown to the 
decision-maker”. He constructed a_ linear 
regression model (LRM) of a_ production 
manager’s performance and found that it con- 
formed to the structure of the optimum LDR. 
Furthermore he found that the LRM, used 
itself as a decision maker, always improved on 
the manager’s performance (because his was 
erratic) and in certain circumstances actually 
improved on the corresponding LDR. These 
circumstances were when the LDR and the 
manager were given only a single one-period 
forecast at a time—clearly the manager was 
not as naive as the myopic model (one period 
forecast horizon) which led to the LDR. 
Finally, and of some interest, the LRM devel- 
oped in a model world with no uncertainly out- 
performed the manager in the (inappropriate) 
environment of a model world with consider- 
able uncertainty. 

Moskowitz’s methodology can be summar- 
ised in Fig. 5 from which it can be seen that it 
is a combination of model world decision mak- 
ing (Fig. 4) and generalised experience model- 
ling (Fig. 3), although the experience genera- 
lised is the manager’s decisions rather than his 
perceptions. 


EXPERIMENTAL STUDIES 


The arguments above have pointed to the 
difficulties of making a comparison between 
the performance of unaided decision maker 
and some optimising model, when the starting 
point is a loosely defined decision problem as it 
would appear to the decision maker in the ‘real 
world’. Thus, in common with other workers, 
we have chosen to carry out comparisons in an 
abstracted model world using the schema of 
Fig. 4. 

The general strategy employed in these ex- 
periments is to present subjects with some 
abstracted form of the decision problem while 
varying some of the parameters which define 
the problem, and then to assess their perform- 
ance and how it changes under the varying 


parameters using the optimal solution as a 
reference point. 

The choice of which parameters to vary is 
initially somewhat arbitrary and to some 
extent determined by experimental design 
rather than theoretical considerations. How- 
ever one factor which it seems reasonable to 
suppose would have an effect on the perform- 
ance of the unaided decision-maker is the size 
of the problem and in the depot location and 
transportation problems considered here this 
can be readily varied. If we suggest, e.g., that 
increasing the number of customers in the 
depot location problem increases the complex- 
ity of the problem (in the sense that MacCrim- 
mon and Taylor [5] use the term complexity) 
then we might predict that subjects’ perform- 
ance would decline with increasing size. How- 
ever the effect may not be that simple. In both 
the experiments described here a partially 
graphical representation of the problems was 
used. In this situation we are giving subjects 
the opportunity to make use of their pattern 
recognising ability and it is possible that 
increasing the amount of information available 
might impose a better pattern (or structure) on 
the problem and so enhance the unaided deci- 
sion-maker’s performance. Predictions regard- 
ing the effects of making the problem bigger by 
giving the decision-maker more elements to 
consider are therefore not easy to make at this 
stage and thus part of the purpose of the ex- 
periments is to investigate this. 

The first experiment takes a problem in the 
area of depot location. Essentially the problem 
is, given a set of locations and demands for a 
set of customers, choose a suitable location (or 
locations) for a supply depot (or depots) so as 
to minimise total delivery costs. The model 
used for the problem allows for an infinite set 
of depot locations. The solution technique is 
the adaptive location-allocation algorithm 
reported by Eilon et al. [2] which gives a glo- 
bal optimum for a single depot and a local 
optimum for several depots. 

A number of objections can immediately be 
raised to this experiment as to whether such a 
comparison is meaningful. First, it is well 
known that the finite feasible set approach is a 
considerably more realistic method of depot 
siting. Secondly, no distribution manager is 
going to resolve the question of depot location 
on the basis of one minute’s intuition. We 
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TABLE 1. DEPOT LOCATION PROBLEM. MEAN SCORES ACROSS 
ALL SUBJECTS FOR THE SIGNIFICANT MAIN EFFECTS 





Number of customer points 20 60 

Mean score across subjects 9.26 6.63 
Number of depots 1 3 

Mean score across subjects 3.43 12.46 
Number of clusters 0 1 3 
Mean score across subjects 9.81 8.21 5.81 





would counter these objections by arguing that 
this is just what a distribution manager might 
do in the first instance, with the aid of a map of 
his territory. Of course this could be followed 
by a selection of nearby feasible sites, together 
with more detailed costings. The manager’s 
intuition while not providing the final solution 
to his problem, could well have a profound 
influence on it. 

The second experiment deals with the stan- 
dard transportation problem. In this case the 
problem is that given a set of factories with 
known output, a set of depots with known 
demand, and a set of unit costs for transporting 
goods from each factory to each depot, how 
many units of goods should be shipped from 
each factory to each depot so as to minimise 
the total transportation costs? The solution 
technique used is the primal—dual algorithm 
reported by Hadley [4]. 


EXPERIMENT 1—THE DEPOT 
LOCATION PROBLEM 


Subjects. Twenty undergraduate student sub- 
jects were used. These were selected from 
numerate disciplines, but students who had 
had explicit instruction in this type of problem 
were avoided. 

Material. Sets of ‘maps’ depicting the loca- 
tions of customers were generated using the 
computer. There were 12 different types of map 
in all generated by varying 3 factors: 


(1) The first factor varied was the number of 
customers represented on the map. This 
was either 20 or 60. 


(2) The second factor was a weighting factor 
for each customer. This was either unit 
weighting or variable weighting. On the 
maps with unit weighting individual cus- 
tomer locations were indicated by ‘1’, on 
the maps with variable weighting individual 


locations were indicated by an_ integer 
between 1 and 9 corresponding to the 
demand weighting for that customer. 


(3) The third factor to be varied was the way in 
which the customer locations were gener- 
ated. This was done in three different ways. 
The first way was to select the co-ordinates 
from two uniform distributions ranging 
from | to 55 and | to 120. The other two 
methods were based on selecting the co- 
ordinates from two normal distributions so 
that the customer locations were clustered 
around the bi-variate mean. In one of these 
‘clustered’ conditions a single cluster was 
generated; in the other, three clusters of ap- 
proximately equal size were generated. The 
points generated from a uniform distribu- 
tion are referred to as a zero cluster. 


A total of 240 such maps were generated, 
being made up of 20 sets as described above. 
Each map was unique as the customer loca- 
tions were all generated randomly under the 
constraints above. 

Procedure. The 20 subjects were split into 
two groups of 10. One group received only unit 
weighted maps and the other group received 
only variable weighted maps. Each subject then 
received a total of twelve maps, being made up 
of two sets of six. Each set of six had a zero, 
one and three cluster map with 20 customer 
points and 60 customer points. For one set of 
six the subject was asked to locate a single 
depot for the other set he was asked to locate 
three depots. The order of presentation of the 
twelve maps to each subject was randomised 
and each subject was randomly allocated to 
one of the sets of maps. 

The design was thus a split-plot design with 
subjects nested in the two levels of the factor 
‘weights’ and crossed with all levels of the three 


TABLE 2. DEPOT LOCATION PROBLEM. MEAN SCORES ACROSS 
ALL SUBJECTS FOR INTERACTION EFFECTS 





Points by depots Number of points 


20 60 
3.56 3.29 
14.95 9.96 


Number of clusters 


0 1 3 
3.21 3.79 3.28 
16.41 12.62 8.34 


Number of depots 
Depots by clusters 


Number of depots 
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other factors ‘number of customers’, ‘number of 
clusters’ and ‘number of depots’. 

Subjects were given written instructions 
(slightly different for the two weighting groups) 
which explained the problem, the assumptions 
made and their task. When they had read these 
any questions were answered. No time limit 
was imposed—most subjects completed the 
task in 10-15 minutes. 

Results. The basic score for each subject’s 
solution to an individual location problem was 
the percentage increase in cost of his solution 
over the solution provided by the adaptive 
location—allocation algorithm in Eilon et al. 
[2]. 

An analysis of variance was carried out on 
these results which yielded the following sig- 
nificant factors: 


(1) Number of customers, F(1,18) = 6.21, 
(p < 0.025) 


(2) Number of depots, F(1,18) = 42.35, 
(p < 0.001) 


(3) Number of clusters, F(2,36) = 7.37, 
(p < 0.025) 


(4) Customers by depots interaction, 
F(1,18) = 5.25, (p < 0.05) 


(5) Depots by clusters interaction, 
F(2,36) = 7.58, (p < 0.01) 


All other factors produced F ratios with prob- 
abilities greater than 0.05 (see Table 4). 
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The mean scores at the various levels of 
these factors are shown in Tables | and 2, and 
graphically in Figs 6-8. The results show that 
subjects performed better when there were 60 
customer points rather than 20 and when there 
were three clusters rather than one, particularly 
when there were three depots to locate. The 
simple main effect of increasing the number of 
depots to be located from one to three was to 
produce a decline in the subjects’ performance 
relative to the location—allocation algorithm. 
Further discussion of these results is made after 
the report of experiment 2. 


EXPERIMENT 2—THE 
TRANSPORTATION PROBLEM 


Subjects. Nine subjects were used of similar 
background to those used in experiment 1. 

Material. Two sizes of problem were used, 
the first having three factories and four depots 
and the second having four factories and seven 
depots (the largest size that an earlier pilot 
study indicated was reasonable under experi- 
mental conditions). These were presented in a 
map form by generating the co-ordinates from 
two uniform distributions of | to 35 and | to 
40, under the constraint that factories had to 
be at least 10 units apart and depots had to be 
at least 5 units from other depots and factories. 
The supplies for each factory and the demands 
for each depot were generated in a semi-ran- 
dom manner under the constraint that the total 
supply = total demand (150 units for the 3 x 4 
problem and 250 units for the 4 x 7 problem). 

A large set of such problems was initially 
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Fics 6-8. Mean percentage increase in cost of subjects’ solutions over the cost of the optimal solutions 
taken across the levels of the significant factors in the depot location problem. Broken lines show interaction 
effects. 
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TABLE 3. TRANSPORTATION PROBLEM. INDIVIDUAL SUBJECTS 

SCORES FOR THREE LEVELS OF CII AND TWO SIZES OF PROB- 

LEM. THE THREE GROUPS ARE FOR SUBJECTS RUN ON DIFFER- 
ENT SETS OF PROBLEMS 





Size of problem 3x4 


4x7 





Counter-intuitive 
index 
Group i 


Group 2 


Group 3 





generated and feasible solutions to each of 
these were obtained in two different ways: (1) 
Using the primal—dual algorithm, which pro- 
duces an optimal solution and (2) Using an 
algorithm which makes maximum use of the 
lowest cost routes in sequence—the ‘cheapest- 
first’ solution. The cheapest-first solution 
would at first appear to be a reasonable low 
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cost solution and was thus used to generate a 
‘counter-intuitive index’ (CII), which is defined 
as the relative percentage increase in cost of 
the cheapest-first solution over the optimal 
solution. 

Three sets of problems were then selected 
such that each set had three 3 x 4 problems 
and three 4 x 7 problems and that each of 
these three problems had CIIs of approx 0, 10 
and 20%. 

Answer booklets were prepared for each sub- 
ject with a separate page for each problem. 
Each page in the book had a grid on which 
subjects entered their solutions, putting a figure 
for the volume of goods to be transported by 
each route. The grid also showed the supply 
from each factory and the demand for each 
depot in the margins. 

Procedure. The nine subjects were split into 
three groups of three. Each subject received six 
problems, subjects in the same group receiving 
the same set of problems. Subjects were ran- 
domly allocated to one of the sets of problems 
and the order of presentation was randomised 


TABLE 4. ANALYSIS OF VARIANCE TABLE FOR SUBJECTS’ PERCENTAGE INCREASE IN COST OVER 
OPTIMAL COST IN THE DEPOT LOCATION EXPERIMENT 





Source of 
variation 


Sums of 
squares 


Degrees of 
freedom 


Mean 
squares 





1500.83 
1390.97 
109.86 
19253.09 


P 414.78 
D 4891.49 
Cc 647.73 


P*D 335.23 
ge 77.48 
P*W 13.19 
P*S(W) 1202.74 
D*C 663.95 
D*Ww 3.97 
D*S(W) 2079.13 
Cc*w 18.39 
C*S(W) 1582.13 


P*D*C 69.21 
P*D*W 0.83 
P*D*S(W) 1149.83 
P*C*S(W) 1828.81 
P*C*W 22.55 
C*D*S(W) 1577.42 
C*D*W "41.18 
P*C*D*W 8.61 
P*C*D*S(W) 2624.41 


Total 20753.92 
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77.27 
109.86 


414.78 
4891.49 
323.86 


335.23 


p < 0.025 
p < 0.001 
p < 0.025 


p < 0.010 





Key to factors: P = No. customer points (20, 60). W = Weighting or no weighting. 
D = No. depots to be located (1, 3). C = Clustering (0, 1, 3). S = Subjects. 
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for individual subjects. The subjects were given 
written instructions, together with an example 
map to show the nature of the problem. When 
they had read the instructions any questions 
were answered and then the subjects were 
allowed to work through the problems in their 
own time. Most subjects completed the task in 
30-45 min. 

Results. The score for an individual problem 
was taken as the relative percentage increase in 
cost of the subject’s solution over the optimal 
solution. These results, which are recorded in 
Table 3, show that subjects performed well 
with respect to the cost of the optimal solution 
and in a high proportion of cases the cost of 
their solution was the same as the cost of the 
optimal solution. For the purposes of analysis 
these scores were classified as either zero or 
greater than zero, i.e. the cost of the subjects 
solution was classified as either equal to or 
greater than the cost of the optimal solution. 

Frequency analysis was carried out on the 
classified data. This showed a significant as- 
sociation between the size of the problem and 
whether or not subject’s solution was equal 
to the optimum cost (y? (df= 1) = 9.01, 
p < 0.01). 

The results of this experiment are quite sur- 
prising in that subjects manage to perform well 
with respect to the optimal solution even with 
the 4 x 7 problem, which was regarded before- 
hand as the largest size problem one could 
reasonably expect naive subjects to tackle. The 
results do indicate that increasing the size of 
the problem does adversely affect subjects per- 
formance, but the fact that there does appear 
to be a differential effect depending on which 
set of problems a subject was solving indicates 
that there are further factors which need to be 
investigated. 


DISCUSSION 


In the depot location problem subjects 
appeared to have most difficulty in locating a 
number of depots among a small number of 
customers when there is no apparent grouping 
among the customers. Various mental models 
might be proposed to account for these effects. 
For example, in the multiple location problem 
perhaps the subjects perform the dual task of 
splitting up the map into three areas and then 
locating a single depot in each of the areas— 
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with the possibility that they go through 
further iterations of this process. In order to 
investigate such questions more fully it would 
be necessary to design experiments which 
involve subjects in giving some verbal com- 
mentary while solving the problems or other- 
wise giving some behavioural indication of 
their mental processes. 

The observation that performance improved 
with a larger number of customers lends sup- 
port to the idea put forward in the introduc- 
tion to these experiments—that increasing the 
size of (number of elements in) a problem does 
not necessarily make it more difficult and may 
in certain circumstances facilitate solution. 
This would seem to be the case here. It is poss- 
ible that increasing the number of points en- 
abled subjects to impose a structure on the map 
which facilitated resolution. However it may be 
that the problem is more complicated than this 
as there is also an interaction between the task 
the subject was given (i.e. locate | or 3 depots) 
and the number of customers. Perhaps then the 
process is as follows: first the subject acquires 
some mental model of his task and then, to 
solve a particular problem, he searches for (or 
tries to impose?) some sort of structure on that 
problem which is compatible with his under- 
standing of what he has to do. All this is rather 
speculative, of course, but it does suggest somé 
possibilities for further study, e.g. if the sub- 
ject’s task is to locate an even number of 
depots and he has a map with an odd number 
of clusters will this adversely affect his perform- 
ance? 

One of the most interesting aspects of the 
transportation experiment is that, contrary to 
the experimenter’s initial expectation, subjects 
performed remarkably well with respect to the 
optimal solution. This expectation came from 
an initial pilot study which used a standard 
tableau representation of a problem of inter- 
mediate size. Perhaps subjects benefit from the 
visual presentation of the problem even 
though, intuitively, this would not seem to offer 
as much of an advantage as in the case of 
depot location. It appears that a study of per- 
formance on visually and non-visually pre- 
sented transport problems would be of interest. 

There was no evidence to suggest that per- 
formance varied with the different levels of the 
counter-intuitive index—suggesting, perhaps, 
that the naming of it was presumptuous. 
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Apparently, even naive subjects are not so 
naive as to adopt an approach which is so sim- 
plistic in its assumptions as the ‘cheapest-first’ 
method. 

Finally there appear to be other, as yet un- 
identified, features of the transportation prob- 
lems which affect performance, as shown by the 
variability in the scores over the three different 
sets of problems used. Further investigation of 
these effects would require a:search for com- 
mon factors among the problems which sub- 
jects collectively find easy or difficult. 

In the long term these studies represent a 
starting point in the investigation of the rela- 
tive performances of mathematical models and 
unaided decision-makers. It would be unrea- 
sonable to draw strong practical conclusions 
on the basis of the experiments reported here— 
hopefully this will be made possible by future 
studies. The validity of such studies will depend 
on a sound understanding of the methodologi- 
cal problems involved—hence the emphasis 
placed on this in the present study. 
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A new Rank Order Cluster Algorithm is discussed which provides a simple, effective and efficient 
analytical technique for the formation of machine-component groupings. The method is specifically 
developed for computer application although it is possible for it to be used for manual computation, 


if required, particularly for smaller problems. 


INTRODUCTION 


AN IMPORTANT method of Group Tech- 
nology has been developed by Burbidge [1] 
which offers a means of analysing an existing 
factory system for reorganisation according to 
a group layout. The method ignores the usual 
general Group Technology similarity of com- 
ponent shape approach and concentrates solely 
on commonality of machine as the criteria for 
component family formation. The philosophy 
behind this method is essentially that in any 
production system there will, in most cases, be 
a quite natural division of machines into 
groups and components into families: what 
Production Flow Analysis does is to seek to 
identify such machine-component groupings 
which will consequently determine the group 
layout to be provided. All that is required for 
this purpose are the production route cards for 
the components. The actual processing 
sequence is ignored in the formation of the 
machine-component groupings, since once 
they are found, the appropriate arrangement of 
machines to provide flow production within 
the group layout can be determined as a separ- 
ate exercise and in accordance with the needs 
of the particular components involved. 

A major claim for Production Flow Analysis 
is that it enables the advantages of Group 





' Paper originally presented at the Vth International 
Conference on Production Research, August, 1979. 
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Technology to be obtained essentially within 
the existing framework of plant, equipment, 
tooling and production methods. 

From the analysis of the production route 
cards, a machine component matrix is formed 
that indicates which components require pro- 
cessing on which machines. It is this matrix 
which constitutes the data required for the 
formation of machine-component groupings. 
The stages preceding the preparation of the 
machine-component matrix and the practical 
problems that may have to be surmounted are 
dealt with elsewhere by Burbidge [3] and will 
not be considered here. The present paper is 
concerned solely with the problem of machine- 
component groupings and will therefore 
assume as a starting point that the machine- 
component matrix has already been formed. 

Figure | is an illustration of a typical 
machine-component matrix where, in this case, 
the machines have been labelled A to E and the 
components | to 6. An entry of | in cell (i,j) 
indicates that component j requires processing 
on machine i whereas a blank (implying zero) 
entry means that it does not. Thus, for 
example, in Fig. 1 it is clear from the first 
column and first row respectively that com- 
ponent | requires processing on machines A, C 
and E and that component 2, as well as |, 
requires processing on machine A. What is also 
clear is that the | cell entries are spread around 
the matrix in a random fashion, so that no 
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particular pattern of machine-component 
grouping is apparent. 

Figure 2 shows the same matrix but after 
various exchanges of the relative positions of 
both rows and columns. It will be seen that the 
original cell entries of Fig. | are preserved 
unchanged, but now two distinct machine- 
component groupings (B,D,6,5,3) and 
(E, A, C,2,4,1) emerge naturally along the 
diagonal of the matrix as a result of the par- 
ticular arrangement of the rows and columns 
of the original matrix, and hence the grouping 
problem is solved. 

The difficulty is to devise a generalised pro- 
cedure that would convert, in a finite number 
of iterations, any original machine-component 
matrix into a clustered diagonalised form as 
typified in the example problem by Fig. 2. Bur- 
bidge [3] states that “...it is comparatively 
simple to find groups and families by eye with 
a small sample. The mental processes used 
combine pattern recognition, the application of 
production know-how and intuition. It has 
proved to be surprisingly difficult to find a 
method suitable for the computer which will 
obtain the same results”. The algorithm pro- 
posed in this present paper offers a solution to 
this problem, but first some earlier approaches 
published by other researchers will be briefly 
reviewed. 

Burbidge [3] outlines a procedure, which 
he calls Nuclear Synthesis, for determining 
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machine-component groups. The method 
hinges on the identification of low usage 
machines which, by their very nature, are un- 
likely to be required in more than one group. 
Each such machine becomes the nucleus to 
which other machines required for the same 
components may be added to form a group. By 
appropriately combining nuclear groups, any 
number of larger sized groups can be formed. 

Gallagher et al. [5] in an application of Pro- 
duction Flow Analysis in the plastics moulding 
industry used punched cards to be sorted into 
packs according to the similarity of routes. The 
approach adopted was derived from Burbidge 
[2] and was in essence similar although the 
methods used to rank the packs formed were 
different. Burbidge used the criterion of rank- 
ing high utilisation processes first whereas Gal- 
lagher et al. considered it more suitable to rank 
according to process number sequence, on the 
grounds that the numbering system had been 
designed to reflect the process flow in the fac- 
tory. They go on to say that “...the produc- 
tion flow analysis technique worked in so far as 
it created a detailed chart of flow sequences, 
but it failed to provide a suitable means of 
establishing groups from this data”. 

El-Essawy and Torrence [4] describe a com- 
bined computer and manual grouping method 
which requires the formation of ‘rough’ group- 
ings to be carried out manually. It is explained 
in their paper that the manual process is 
necessary, “since the use of a computerised 
method to decide on these rough groupings 
requires an unjustifiably sophisticated pro- 
cedure”. 

McAuley [6] uses a technique drawn from 
the field of mathematical taxonomy and called 
Single Linkage Cluster Analysis. This is essen- 
tially a hierarchical clustering approach in 
which machines are grouped according to simi- 
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larity coefficients. The similarity coefficient for 
any machine pair is defined as, “the number of 
components which visit both machines, divided 
by the sum of the number of components 
which visit both machines and the number of 
components which visit one or other of the 
machines”. 


A RANK ORDER 
CLUSTERING APPROACH 
TO THE PROBLEM 


Returning to the example problem, it will be 
recalled that the matrix of Fig. 2 provided a 
solution to the problem, by identifying two dis- 
tinct machine-component groupings. Figure 3 
illustrates one example of the other possible 
arrangements of the rows and columns that 
give rise to the same machine-component 


groupings. Insofar as the solution to the prob- 
lem is concerned, it is immaterial as to which 
specific row and column arrangement is pro- 
duced, the important factor is that the 
machines and components are divided into dis- 
tinct groups. Having said this, it is important 
to note that the proposed clustering algorithm 
is designed to generate one specific pattern. in 
which, if the rows and columns are read as 
binary numbers, they will appear in the matrix 
ranked in decreasing numerical order. Thus the 
resulting pattern for the example problem 
would be as shown in Fig. 3. 

The base of the binary system is 2 and suc- 
cessive digit positions from left to right have 
respectively the weights 2°, 2', 27, 2°, 2*,.... 
These weightings are used to convert binary 
numbers into the more common decimal sys- 
tem. Thus, by way of illustration, it will be seen 
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that row D in Fig. 3 has the following decimal 
equivalent of the binary form. 


Binary weight 2° 
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The corresponding decimal equivalents of 
the binary values for the other rows and 
columns are shown in Fig. 3. 

It is clear that in terms of the original Pro- 
duction Flow Analysis grouping problem, 
every row or column pattern of blank or unity 
cell entries can be considered as equivalent to a 
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binary word with a corresponding unique deci- 
mal number equivalent form. This equivalence 
is the basis for the following clustering algor- 
ithm for generating a solution to the machine— 
component grouping problem. 

The above illustrates the essential concept of 
the approach. In operation however the rank- 
ing process is performed without actually 
determining the value of the binary word 
representing the cell entries. In this way the 
method is not restricted by any limitation on 
the size of integer that can be represented in 
the computer. 

Any two binary words may be ordered by 
considering successively (working from left to 
right) corresponding entries until the first dis- 
similar pair is found, at which point the word 
with the 1 entry is established as the higher 
ranking. Thus for example for the word pair 
111000 and 110000 the first and second entries 
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are l’s in both cases, the third entry indicates 
that we need proceed no further since the | 
establishes the first binary word as the larger of 
the two. By repeated operation of this pairwise 
word comparison process any set of binary 
words may thus be ranked in order of decreas- 
ing binary value. 


THE CLUSTERING ALGORITHM 


(1) For each row of the machine-component 

matrix in turn, read the pattern of cell 
entries as a binary work. 
Rank the rows in order of decreasing bi- 
nary value. Rows with the same value 
should arbitrarily be ranked in the same 
order in which they appear in their current 
matrix (reading from top to bottom). 


(2) Are the current matrix row order (number- 
ing from top to bottom) and the rank order 
just calculated the same? 

If yes, go to 6. 
If no, go to 3. 


(3) Reform the machine-component matrix 

starting with the first row, by rearranging 
the rows in decreasing rank order. 
Rank the columns in order of decreasing 
binary value. Columns with the same value 
should arbitrarily be ranked in the order in 
which they appear in this current matrix 
(reading from left to right). 


(4) Are the current matrix column order (num- 
bering from left to right) and the rank 
order just calculated the same? 

If yes, go to 6. 
If no, go to 5. 


(5) Reform the machine-component matrix 
starting with the first column, by rearrang- 
ing the columns in decreasing rank order. 
Go to I. 


(6) Stop. 


It is assumed that the algorithm would nor- 
mally begin with the original machine— 
component matrix but it does not matter, the 
procedure is iterative and it is possible to start 
with any rearranged form of the matrix. 

The algorithm is efficient and will converge 
in a finite number of iterations. It has the 
facility that, although intended as a computer 
procedure, it can, if necessary, be used with 
manual computations for problems of moder- 
ate size as is evidenced by the following 
example. 


AN ILLUSTRATIVE APPLICATION 
OF THE ALGORITHM 


To illustrate the use of the algorithm an 
application to the problem represented by the 
machine-component matrix of Fig. 4 will be 
considered. 

The process of applying the algorithm may 
be summarised as follows :— 

Figure 4 rows are reordered according to 
row ranking to give Fig. S. 

Figure 5 columns are reordered according to 
column ranking to give Fig. 6. 

Figure 6 rows are reordered according to 
row ranking to give Fig. 7. 

Figure 7 columns are reordered according to 
column ranking to give Fig. 8. 
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At this stage, no further reordering is poss- 
ible, both rows and columns are now ranked in 
monotonically decreasing order. Figure 8, 
therefore, is the generated solution. 

An examination of Fig. 8 indicates that 
four diagonal clusterings have been generated, 
namely, I = (G, D, E, 1, 2, 17, 20, 7, 23, 19), 
II = (M, A, L, 7, 23, 19, 6, 8, 18), IT] = (K, C, B, 
J, 3, 4, 21, 24) and IV = (H, I, F, N, 9, 15, 12, 5, 
10, 14, 16, 22, 13, 11). 

I and II are not mutually independent 
groupings so that, at this stage, there are only 


three such groupings, namely the combined 
group I + II, III and IV. Although this is a 
valid solution, it isn’t perhaps the best solution 
from the practical standpoint. This is because 
in the combined group I + II, components 1, 2, 
17 and 20 have no requirement for machines 
M, A, L and similarly, components 6, 8 and 18 


have no requirement for machines G, D, E and 
yet all are members of the same group. 

An examination of why I and II are not 
mutually independent groupings shows that it 
is because components 7 and 23 appear in 
both. Component 7 requires only machine G in 
group I but all three machines in group II. 
Component 23, on the other hand, requires 
only machine M in group II but two out of the 
three machines in group I. This situation, 
where certain machine—component pairings do 
not readily fit into any single small dense 
group is not uncommon in practice and if they 
are all to be accommodated in one group, it 
will necessarily be a larger, less dense, aggre- 
gate group. Such machine-component pairings 
are exceptions that should be excluded from 
the grouping process. 

As already described, the clustering algor- 
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ithm will, depending upon the particular 
nature of the data, produce either: 


(i) mutually independent machine-component 
groupings, in which case the problem is 
solved, or 


(ii) machine-component groupings, some or all 
of which may not be mutually independent. 


If (ii) occurs, then the exceptional cases will 
be indicated in the final solution matrix. The 
procedure then is simply to re-run the algor- 
ithm with the exceptional elements suppressed 
(i.e. temporarily overwriting them as zero until 
the final mutually independent machine— 
component groupings are generated). 

As an illustration of the process involved, the 
exceptional elements (G,7) and (M, 23) ident- 
ified in Fig. 8 are shown suppressed in Fig. 9, 
which now forms the initial matrix for a re-run 
of the clustering algorithm. 

Figure 10 results from the reordering of rows 
according to the row rankings of Fig. 9, and 
Fig. 11 results from the reordering of the 
columns according to the column rankings 


computed in Fig. 10. Figure 11 provides the 
solution, comprising four mutually indepen- 
dent machine-component groupings, the 
excluded exceptional elements (G,7) and 
(M, 23) are shown reinstated but as encircled 
entries. 
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The problem considered is the location of regional service offices in the expanded operating terri- 
tories of a large property and liability insurer. These offices serve as first line administrative centers 
for sales support and claims processing. The location of the regional service offices is determined 
through a zero—one linear multiple objective programming model. The criteria and constraints of the 
model reflect investment and operating costs, budget considerations, and a measure of the service 


level provided. 


I. INTRODUCTION 


THIS PAPER synthesizes the application of a 
multiple objective decision method to an actual 
operational business problem: locating re- 
gional service offices during a major expansion 
of the operation territories, faced by a large, 
personal-lines property and liability insurer (i.e. 
homeowners and automobile insurance). One 
of the authors was a direct participant in the 
project as a corporate planner with this 
insurer. 

The major functions of the regional service 
offices are first to act as an administrative 
center for the processing of new business, the 
endorsement of existing policies, and the as- 
sociated record-keeping needed to support cur- 
rent and new business. Secondly, these offices 
also make the necessary contacts with credit 
bureaus and governmental agencies (i.e. Motor 
Vehicle Departments etc.). The third major set 
of functions is to provide sales, technical assist- 
ance and support for the local sales agents, as 
well as to process claims and to serve the 
policy owners. 
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The model structure developed provides a 
logical basis for locating the regional service 
offices considering simultaneously the various 
trade-offs among the economic and operational 
objectives of the firm. In locating these offices, 
the following criteria are considered: 


(1) Minimize the total cost of setting up the 
regional service offices during the given 
planning horizon; 

(2) Minimize the weighted sum of the dis- 
tances of the regional service offices to 
their customer bases; 

(3) Minimize the total fixed and variable 
cost of operating the regional service 
Offices. 


The model structure developed imposes 
various economic, budgetary and operational 
constraints on the set of candidate locations. 
These constraints include a lower bound on the 
total revenues and upper bounds on: 


(1) The number of regional service offices to 
be open in each territory; 
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(2) The total cost of setting up the regional 
service offices; 

(3) The average weighted distance from the 
customer sectors to the regional service 
offices; 

(4) The total fixed and variable costs of 
operating the regional service offices. 


Revenues were chosen not to be a primary 
objective, since the main goal of the company 
was first to penetrate the new markets. Fur- 
thermore, due to various legal and operational 
considerations, such as the structure and 
nature of regulatory agencies (i.e. state insur- 
ance departments) and sources of needed infor- 
mation (i.e. state motor vehicle departments), 
the marketing territories composing the service 
area of a particular regional service office were 
developed so that they would be essentially 
independent of an adjoining territory. 

The plan of the paper is as follows. Section 
II consists of a brief description of the multiple 
criteria programming problem with zero—one 
variables. In Section III, the model proposed is 
developed. The last section presents computa- 
tional results and a discussion of the solution. 


Il. THE MULTIPLE OBJECTIVE 
PROGRAMMING PROBLEM 


Initially we describe briefly the multiple 
objective programming problem with zero—one 
variables. The reader interested in a detailed 
analysis is referred to Bitran [1,2]. The zero— 


one linear multiple objective problem is written 
as 


(MOP) minimize{Cxsubjectto Ax <b x;=0,1 jeJ} 
where C is a p by n matrix, A is an m by n 
matrix, b is an m by 1 vector, xe R" and 
j = {1,2,....,n}. The rows of C are the coeffi- 
cients of the linear criteria. The solution set to 
(MOP) is defined as the set of efficient points 


where 


x°e F = {xeR": Ax <b, x, =0.1 jeJ} 


is said to be efficient if there is no xe F such 
that Cx < Cx® and Cx + Cx°®. 


The zero—one linear multiple objective pro- ' 


gram does not solve the decision problem 
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involved; however, it reduces the decision 
space to a number of nondominated points. 
This approach contrasts with the goal pro- 
gramming technique and the usual parametri- 
zation of the criteria in the sense that it does 
not require, at the formulation stage, strong 
subjective inputs like the definition of priorities 
or weights. Instead, it allows for subjective con- 
siderations to be applied in the final choice of 
an alternative among the solution set, i.e. the 
set of efficient points. The final choice can also 
be made by considering secondary criteria or 
with the help of the utility function of the deci- 
sion maker. The advantage of the methodology 
proposed in this paper over the direct 
approach of maximizing the utility function of 
the decision maker is that since the choice is 
being made over the finite set of efficient points 
it is inexpensive to analyze the sensitivity of the 
solution for perturbations in the uncertain par- 
ameters of the utility function. 

At the present stage, the technique presented 
in [1] and [2] can be used to solve linear mul- 
tiple objective problems with up to 30 or 35 
zero—one variables. It is a promising area of 
research. In particular, its combination with 
branch and bound, the exploration of special 
problem structures and the consideration of 
interactive methods seem to be the next natural 
steps in the development of the technique. Its 
applicability to the facility location problem 
considered in this paper derives from the fact 
that several of the geographical regions 
involved could be considered independent. 
This condition arises very often in practice due 
to either decentralized management or legal 
considerations. Another practical instance 
where similar problems are decomposable is 
the case of project selection. It is common for 
organizations to first allocate the budget, based 
on strategic considerations, to broad areas like 
marketing research, development in software 
and research in hardware, instead of consider- 
ing all simultaneously. Afterwards, projects are 
selected in each area subject to the budget limi- 
tations imposed by strategic plans. This deci- 
sion process is hierarchical in nature and 
recognizes that strategic and tactial decisions 
are made by managers at different levels of the 
hierarchy. 

A goal programming formulation of the 
problem discussed in this paper can be found 
in [4] and related topics in [3, 5, 6]. 
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III. DESCRIPTION OF THE 
MODEL 


Decision variables 


1 if the j' location is chosen for the 
regional service office 
in the i" operating territory in the 
k'" year 

0 otherwise 


= 1,2,...,n denotes operating territories 
1,2,...,m; denotes regional service offices 
in operating territory i 
k = 1,2,...,s denotes year. 


Criteria 


The mathematical formulations of criteria, 
given below, consider the fact that the model 
includes the constraints that limit to at most 
one regional service office to be open in each 
operating territory during the planning horizon 
s (see first set of constraints). A direct conse- 
quence is that revenues generated at a given 
office are independent of the presence or 
absence of offices in neighboring locations. 
Once an office is open, the constraints imply 
that all others in the same territory should 
remain closed. 

The first objective function is to minimize 
the total cost of setting up the regional service 
offices during the planning horizon considering 
all operating territories and all possible loca- 
tions within each territory. This objective is 
written as 


» ale 3 y Ci jkXijk 


k=1 i=1 j=1 
where 


Cijx = present value of the total average cost 
of setting up a regional service office in 
the i” operating territory in the k" 
year for location j. 


The second objective function is to minimize 
the total weighted distance of the regional ser- 
vice Offices from the customer sectors of the 
operating territories over the planning horizon 
s. This objective is written as 


t 


: 2 
> Vithi jXijn 
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number of customer sectors in i" oper- 
ating territory 

= the sales volume of the /" customer 
sector in the i” operating territory in 
the k'" year 

= the distance of the [" customer sector 
in the i operating territory from the 
j" location of the regional service 

office. 


The third objective function is to minimize 
the total fixed and variable costs of operating 
the regional service offices in all operating ter- 
ritories over the planning horizon. This objec- 
tive is written as 


3 d i (Sin + Gijn)Xijn 


k=1 i=1 j=1 
where 


Six = present value of the average fixed cost 
of operation of a regional service office 
for location j in the i operating terri- 
tory during years k to s 

Jijx = present value of the average total vari- 
able cost needed to operate a regional 
service office for location j in the i 
operating territory at the expected 
level of sales volume during years k to 
Ss. 


Constraints 


The feasible set of the model is defined by a 
set of inequalities which limit the possible 
values that the variables x;;, can assume. 

Initially we impose the condition that for 
each operating territory i at most one regional 
service office can be set up during the planning 
horizon. This constraint takes the form 


5s mm 
> i i Xijk <1 i ¥o Se 
k=1 j=1 


Next, upper bounds on the yearly cost of set- 
ting up regional service offices in all operating 
territories are imposed by the following in- 
equalities 


cm 
a > CijeXijn S Ce 
i=1 j= 


where 


C, = present value of the total company 
budget for setting up regional service 
offices in all n operating territories in 
the k'” year. 
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The third constraint establishes an upper 
bound on the total operating budget for the 
complete operation of the regional offices, over 
the planning horizon, in order to keep it below 
a total company budget level. The correspond- 
ing inequality is 

2 (fiik + Gijx)Xijx < 6 
ah 


k=1i 


where 


b = the total company budget level for 
operating all the regional service 
offices in all operating territories dur- 
ing the planning horizon. 


The fourth constraint set excludes configur- 
ations with an average weighted distance to the 
regional service offices larger than the given 


upper bound d in any given year of the plan- 
ning horizon. 


ip 


t=1 i=1 j=1 I= 


Finally, the last set of constraints consists in 
guaranteeing a minimal revenue derived from 
the operation of the regional service offices in 
all operating territories over the planning hori- 
zon. The corresponding inequality is 


s n m 


LY DL DY riXip 2 


k=1 i=1 j=1 
where 


rijx = present value of the total revenue de- 
rived from the operation of business in 
the i" operating territory during years 
k to s with the operation of the j' 
regional service office 
r =the total minimum level of revenue 
expected from the operation of busi- 
ness in all operating territories during 
the planning horizon. 


Having defined each portion of the model, 
the problem can be stated as the following 
zero-one multiple objective program 
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Problem (P): minimize 


cE py 2, (Six + Gijn)Xijr 








subject to: 


k=1 j=1 


Xijk < 1 


» 2 DY CijnXijn S Ce 
i=1 j=1 
er F (fijk + Gijn)Xijx < 5 


k=1 i=1 j=1 


k n m, t 


2 - VithiaX je 


r=1 i=1 j=1 I=1 
k n m; 
<d(5 5 5 xm) 
t=1 i=1 j=1 
LL Dd MX > 7 


=1 i=1 jz} 
Xijk = 9 or 158=1,2,...,n;f=1,2,...,m; 
ee oe eee 


It is interesting to note that the objective 
functions also appear as constraints. The 
reason is to eliminate possible efficient solu- 
tions which are known in advance to be unac- 
ceptable. Several configuration constraints can 
be introduced in the model without complicat- 
ing the solution procedure. Some examples of 
such conditions are: 

(i) Regional service offices j, and j, in oper- 
ating territories i, and i, respectively cannot be 
open simultaneously in any year of the plan- 
ning horizon. In mathematical terms, this con- 
dition can be written as 


Ss 


Y (ijk + Xisign) <1 
k=1 


(ii) At least one of the regional offices j, and 


jz in operating territories i, and i, respectively 


must be open in any year of the planning hori- 
zon. This condition takes the form 


Xin + Nigar 2 |. 


(iii) If regional service office j,; is open in 
operating territory i, then regional service 
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office j, must be open in operating territory i,. 
This condition can be expressed as 


al OF See 


Xisjak 2 Xipjk 
Other straightforward extensions of the 
model are the partition of the variable costs of 
operating regional service offices according to 
different classes of resources and the substitu- 
tion of the second objective function by n cri- 
teria expressing the total weighted distance of 
the regional service offices from customer sec- 
tors for each of the n operating territories. 


IV APPLICATION AND ANALYSIS 
OF THE EFFICIENT POINTS 


We present the application of the zero—one 
linear multiple objective model to the location 
of the regional service offices in one of the 
independent geographical areas. Problem (P) 
was solved for a typical year, ie. s = 1 and four 
operating territories (i = 1,2,3,4) having each 
three candidates locations (j = 1,2,3) for regio- 
nal service offices. 

Substituting the data in the previous prob- 
lem formulation we obtain 


Problem (P): minimize 


= 1470x, + 1140x2 + 1700x; + 1480x, 
+ 1650x5 + 1050x_ + 1800x7 + 1350x, 
+ 1320x9 + 1940x;9 + 1650x,,; + 1540x,. 


19900x, + 22825x2 + 11291.25x3 + 29960x, 
+ 12485x, + 39547.5x_ + 27450x7 + 16090x, 
+ 21940x5 + 11447.5x;0 + 18660x, ; + 29960; > 


= 740x, + 800x, + 910x; + 810x,4 + 680x; 
+ 740x.5 + 820x7 + 800xg + 750xq + 800X10 
+ 840x,, + 770x12 


subject to: 


+ Xo 
+X10 
+ X7 +X14 
+Xg +X12 
1470x, + 1140x, + 1700x; + 1480x4 + 1650x, 
+ 1050x_ + 1800x7 + 1350xg + 1320x, 
+ 1940x159 + 1650x,;; + 1540x,, 


IN IN IN IN 


740x, + 800x, + 910x3 + 810x,4 + 680x; 
+ 740x_ + 820x; + 800xg + 750x5 
+ 800x190 + 840x,; + 770x,2 


—100x, + 2825x, — 8709x; + 9960x, 
— 7515x5 + 19547.5x_ + 7450x, 
— 3910xg + 1940x, — 8552.5x19 
— 1340x,,; + 9960x,2 


1500x, + 1800x, + 1400x, + 1700x, 
+ 1200x; + 1400x, + 2000x; + 1400x, 
+ 1600x, + 2000x 10 + 1800x,; + 1900x, 2 


x, = 01 i=1,2,...,12 


< 2655 (6) 


> 4000 (8) 


OME 8/2—F 
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where d = 20,000 and the following correspon- 
dence is defined between the problem formula- 
tion in section III and the numerical 
representation above: 


Xy = Xyi1,X2 = X11, X%3 = X311,X%4 = Xair, Xs = X1215 
Xoq = X221%7 = X321,X8 = X421,X9 = X131, 


X10 = X2315 X11 = X331, X12 = X41 


The problem was solved in 1.2 sec on a Bur- 
roughs B6700 computer by the algorithm de- 
scribed in [2]. 

Only one efficient solution exists for problem 
(P). It is denoted by the letter A. The non-zero 
components of this solution are x; = 1 and 
X19 = |. 

With the purpose of analyzing alternative 
efficient solutions for a higher value of sales 
revenues the problem was resolved with a 
lower bound in constraint (8) equal to 4400 
units instead of 4000. This perturbed problem 
is denoted by (P1). The set of efficient solutions 
for (P1) is 


= X3;=X5 l 
Xg =X}; =1 
Xg = Xo l 

= X99 = X39 = | 

l 
l 
l 


2 = X3 = Xg 
Xs = Xg 
X2 = Xg = 


In Table 1 we present for each efficient point 
in Problems (P) and (P1), in the three first 
columns, the values of the left hand side of the 
Sth, 6th, and 8th constraints and in the three 
last columns the values of z,, z2, and 23. 

If (P) was the only problem to be solved, the 
solution would be clear namely, point A. How- 
ever, for the perturbed problem (P1) there are 
seven efficient points. It is at this stage that the 
zero—one multiple objective approach requires 
the subjective judgement of the decision maker. 
This judgement is very often guided by second- 
ary objectives. The following reasoning leads 
us, in this application, to the choice of one effi- 
cient solution. 

With the exception of A, all other efficient 
solutions will service three operating terri- 
tories. The volume of sales corresponding to 
each efficient point is 19,150 units for A, 31,750 
units for B, 33,150 units for C and D, 32,050 
units for F, and 37,000 for E, G and H. Con- 
sidering a linear depreciation of the capital 
investment, for setting up the regional service 
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TABLE |. SELECTED RESULTS FROM PROBLEMS (P) AND (P1) 





Constraint Constraint 


6 


Constraint 





1620 


38,897.50 





2390 
2320 
2460 
2350 
2510 
2280 
2340 


46,601.25 
47,235.00 
49,321.25 
49,477.50 
50,206.25 
51,400.00 
58,815.00 





offices, over a 10-yr period, a discount rate of 
12% a year and an income tax of 50% it follows 
that the present value of the cash flow corre- 
sponding to each efficient solution is: 


9 


ee oe os | 
Fy Ae es i DRG, ata ea 
2, | oils aio |e + 0.12)" 


PV = —-2, 


where: 


R = the annual revenue from sales assumed, 
together with z3, constant for the next 
ten years. R is the value of the left 
hand side of the 8th constraint. 


teria z,;, Z2 and 23, i.e. it has the smallest value 
in each criterion. However, point A is not feas- 
ible in (P1). B, C, D, E, F and G are feasible in 
(P) and therefore are not efficient in that prob- 
lem. 
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| 4g46.87 | 3138.06 | 3244.74 | 3002.68 


| 5076.92 | 3606.43 | 3737.23 | 4625.74 








If the decision maker considers as secondary 
objectives, the number of operating territories 
serviced, the volume of sales and the present 
value, the optimal choice is the efficient solu- 
tion E. 

It is worth pointing out that point E will 
remain efficient for any lower bound on sales 
revenues in the interval [4400, 5000] since for 
any right hand side of the 8th constraint in this 
interval (the other constraints remaining 
unchanged) E is feasible and no new point is 
added to the feasible set of problem (P1). 
Finally, the reader should note that point A 
dominates all other alternatives in terms of cri- 
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Financial planners within industrial organizations are often given the impossible task of formulating 
a multi-year financial plan which is severely over-constrained. As the planner attempts to meet one 
objective another variable (or ratio of variables) becomes unacceptable and he is faced with the 
familiar ‘balloon squeezing’ effect. The problem is one of multiple conflicting objectives (goals) hence 
lends itself very well to a goal programming method of solution. This approach provides a powerful 
‘what-if’ device for the financial planner and allows him to arrive at a satisfactory solution by 
examining the various trade-offs among the conflicting goals. To be an effective and usable tool, the 
individual goals are not assigned a priority coefficient as is typical of most goal programming 
applications. Rather, the planner can reflect his priorities in the manner in which he performs the 
subsequent what-if analyses. Also, a more flexible penalty function is introduced allowing the plan- 
ner to assign a more realistic set of penalities which vary in severity over a specified range. Methods 
of implementing this concept are discussed which overcome the problems created by the immense 


storage requirements and the necessity of assigning the various penalties. 


INTRODUCTION 


FINANCIAL PLANNERS within _ industrial 
organizations are often given the impossible 
task of formulating a multi-year financial plan 
which is severely over-constrained. As the plan- 
ner attempts to meet one objective, another 
variable becomes unacceptable and he is faced 
with the familiar ‘balloon squeezing’ effect. 
Traditionally financial managers tend to think 
not only in absolute quantities such as sales, 
profit, payroll etc. but also in ratios that reflect 
business activity and effectiveness such as sales 
per employee, profit/sales, profit per employee 
etc. Consequently the planner can be given 
constraints on the absolute variables and ratios 
which produce an ‘impossible’ situation. For 
example, buried within the constraints put on a 
particular plan might be targets of 150,000,000, 
8,000 and 20,000 put on sales, number of 
employees and sales per employee, respectively. 
A quick inspection reveals an over-constrained 
situation since all of the targets (goals) are not 
simultaneously attainable. 

The way out of this dilema is to use goal 
programming to devise a financial plan which 
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is satisfactory to management and one that 
considers the various trade-offs between the 
conflicting goals. The goal programming con+ 
cept was developed originally by Charnes and 
Cooper [1] in 1961. Ijiri [3] introduced the 
concept of goal ranking where a priority factor 
is assigned to each goal. In this way, the most 
important goals will be satisfied before the 
goals of lower priority. 

Lee [5] has developed goal programming 
solutions for problems in academic planning, 
financial planning, economic planning and hos- 
pital administration. Rather than using the 
generalized inverse procedure of Ijiri, Lee de- 
veloped a simplex procedure to solve the goal 
programming problem with priority factors. 
The interested reader should consult [5] for an 
excellent background and description of goal 
programming, an explanation of the modified 
simplex procedure for problems with priority 
factors, a FORTRAN program for goal program- 
ming problems and several examples of goal 
programming applied to the application areas 
mentioned previously. 

Mao [6] discusses multi-year profit-planning 
and financial budgeting models which utilize 
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goal programming to achieve multiple goals on 
several financial and production variables sub- 
ject to additional linear constraints. Mao’s 
solution utilizes the goal ranking scheme of 
Ijiri and Lee, along with the modified simplex 
procedure advocated by Lee. 

The problem of the over-constrained finan- 
cial plan consisting of many inter-related con- 
flicting financial variables and ratios has not 
been adequately resolved. The author helped 
introduce the goal programming approach to 
financial planners at Texas Instruments, Inc. to 
solve this particular problem. This paper will 
take a realistic look at the problem of making 
this an operational system and will discuss the 
problems encountered at Texas Instruments. 
All examples that are used for illustration are 
not intended to reflect goals utilized by finan- 
cial planners within TI. Later sections will 
discuss: 


(1) The financial plan in a goal programming 
environment. 


(2) The use of more flexible penalty functions 
rather than the traditional V shaped penal- 
ties. 


(3) The use of numerical coefficients in the 
objective function rather than the use of 
priority coefficients. 


(4) Ways to make goal programming a work- 
able system for financial planners. 


PENALTY FUNCTIONS 


To make sure that the financial plan com- 
pares apples and apples in the many trade-offs, 
it is essential that the data be scaled at the start 
so that all variables are of approximately the 
same order of magnitude. Since the purpose of 
this paper is to demonstrate the use of numeri- 
cal objective function coefficients for a financial 
planning application, scaling the variables is a 
necessary first step, and helps reduce the input 
necessary for the initial attempt at a satisfac- 
tory plan. 

For example, if there are goals of 150,000,000 
and 8,000 for sales, S, and Number of 
Employees, E, respectively, these goals would 
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be scaled as shown below: 


S+Y; —Yy = 150 
E+ Yz — YZ =8 (or 80). 


The penalty function for the sales goal is the 
traditional V shaped function illustrated in 
Fig. 1. 

More realistically the financial planner may 
desire a penalty function similar to that in 
Fig. 2. Such a penalty function is characterized 
by 


(1) An interval target (goal) rather than a single 
point as in Fig. 1, i.e. the manager may feel 
that any sales figure between 140 and 160 
would be acceptable. 


(2) A slight penalty outside this interval pro- 
vided the deviation is not too large. In Fig. 
2 this would include a sales value between 
130 and 140 or a value between 160 and 
175. 


(3) A steep penalty outside this range. For the 
example in Fig. 2 a severe penalty would 
result from a value of sales less than 130 or 
greater than 175. 


(4) An upper and lower bound for this variable 
if desired. These values are 120 and 200 for 
the Sales variables in Fig. 2. It should be 
mentioned at this point that the author dis- 
courages the use of such bounds since if 
used excessively, one can obtain an infeas- 
ible solution, i.e. no solution exists that 
satisfies all of the constraints imposed on 
the financial plan. A wiser plan would be to 
eliminate all but the absolutely necessary 
bounds, determine a solution and then 
force an ‘undesirable’ value closer to its 
goal by increasing the slope of the penalty 
function in this range from, say, 10 to 25. 
The process of determining those unaccep- 
table variables and/or ratios will be referred 
to as ‘what-not’ ing; a more appropriate 
term than ‘what-if’ ing. 





150 Sales 


Fic. 1. V-shaped penalty function for sales. 
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FiG. 2. Five sided penalty function for sales. 


The cost of this extra flexibility in the 
penalty function is the addition of many more 
variables into the problem. Rather than includ- 
ing two deviation variables for the penalty 
function in Fig. 1, the penalty function in Fig. 2 
requires eight deviation variables (or ten if the 
upper and lower bounds are included). The 
penalty function in Fig. 2 leads to the following 
constraints: 


S+Vr-Vi =160 
S+VVr —VVt =175 


S + D, = 200 (if desired) 


S+V; —Vi = 140 
S+VVi -— VV? = 130 
S — D,, = 120 (if desired) (1) 


The contribution to the objective function 
for this variable is 


Vi + 10VVE +V_ + 10VV, 


Notice here that a slope of 1 has been assigned 
to a slight penalty and a slope of 10 to the 
severe penalty portion of the penalty function 
in Fig. 2. This is of course very arbitrary and 
can be modified if desired. The intent here is to 
not make this a decision for the financial plan- 
ner, rather the objective function will initially 
contain 1 for all slight penalties and 10 for all 
severe penalties. These coefficients can be 
modified in later ‘what-not’ing sessions that 
consider the trade-offs between the competing 
variables and ratios in the plan. 

This treatment of the penalty functions 
differs considerably from that advocated by 
Ijiri [3] and Lee [5] since 


(1) There is no ranking of the goals here. This 
makes the job of the planner considerably 
easier considering the large number of vari- 
ables and ratios in a multiple year plan. 
The ranking procedure is essentially re- 


placed by the planner’s strategy in the later 
‘what-not’ing sessions. 


(2) Numerical coefficients, rather than non- 
numerical priority coefficients as advocated 
by Lee, are used. This allows the planner to 
more effectively examine several alternative 
plans when attempting to arrive at a satis- 
factory solution. Due to the numerical coef- 
ficients he is able to determine which vari- 
able or ratio is contributing a significant 
amount to the value of the objective func- 
tion. It is essential here that the computer 
turn-around time for the financial planner 
be held to a minimum, preferably in a time 
sharing environment. 


BUILDING A SATISFACTORY 
FINANCIAL PLAN 
The single year problem 
The penalty function illustrated in Fig. 
generalized in Fig. 3. 
This leads to the set of constraints: 
VAR + V> — Vi = ZR, 
VAR + VV; —VVi =R, 
VAR + D, = 
VAR+V,; -Vi 


UB (if desired) 
ZR, 
VAR + VV; — VV} =R, 
VAR — D, = LB (if desired) (3) 


As before this can lead to an addition of a 
maximum of ten deviation variables into the 
problem, four of which have non-zero. coeffi- 
cients in the objective function. For this vari- 
able the object is to minimize 


Vi + 1OVVy +V_ + 1OVV, (4) 


The financial planner may be faced with for- 
mulating a single year plan or possibly a multi- 
year plan with several cross-time period con- 
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Variable (VAR) 


FiG. 3. Five sided penalty function. 


straints. The multiple year problem can very 
easily become an extremely large problem 
when such cross-time period constraints are 
included. An example of such a problem is 
given in the next section. Consider the data for 
the single year problem given in Table 1. The 
four key variables in the problem are: 


S—sales, 

P—profit, 

E—number of employees and 
A—assets-end of year. 


The penalty function for the sales constraint 
(row | of Table 1) is illustrated in Fig. 4. 
The contribution of this penalty function to 





4 4 
130 140 160 170 





Sales 
Fic. 4. Penalty function for sales in single year problems. 


the objective function is 


1lOVV;, + Vi + 10VV FS. 

Along with constraints on the four key vari- 
ables are many constraints on ratios of these 
variables. For example row 2 of Table 1 con- 
tains a goal of 0.09 for P/S. Since ZR; = ZR, 
this row leads to the construction of one con- 
straint and two deviation variables, namely 


P—0.09S-—V*+V~ =0. (5) 
Data are obtained from the financial planner 


in a form similar to Table 1. For illustrative 


TABLE |. DATA FOR SINGLE YEAR PROBLEM 





Variable ZR, ZR, R, 
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TABLE 2. CODED DATA FOR SINGLE YEAR PROBLEM 





Constraint number 5 r. E A D, 


VV 





OeOAWDnDMPWN- 


aS 
os 


Scooccoococlo 


o-wo 








Omega, Vol. 8, No. 2 


TABLE 3. NON ZERO OBJECTIVE FUNCTION COEFFICIENTS 





6 9 11 12 13 14 
111011 1 


Variable 
Value 


15 20 23 24 25 26 28 29 30 31 33 34 
ROE ey Becky eg en 





purposes we have omitted many of the corners 
on the penalty functions. This holds down the 
number of variables but of course takes away 
much of the flexibility of this planning tool. 
For programming purposes this data is put in 
the form shown in Table 2. 

For this problem variables 1—4 are S, P, E 
and A, respectively. Variables 5—34 are listed in 
the last column of Table 2. An entry of *X° 
means that variable (or pair of variables) is 
introduced into the problem. Notice that in 
constraint 11 the X under V, introduces two 
variables since ZR; # ZR,. Consequently this 
constraint is translated into (for input to the 
LP program) 


S-16E+V; —Vi{ =0. (6) 

Whenever a pair of deviation variables is 
introduced the V~ variable will be introduced 
first, the V* variable second. For example con- 


straint (6) is actually 


S - 16E + V0 a Va1 =x (), (7) 
On the other hand, the X under V, in con- 
straint 13 produces only one variable which 
along with the V, variable appear in the con- 
straint 


S-164+V,-V,=0 


S — 1.64 + Vig — Vz5 =0 (8) 


An entry in the D; or D, column produces 
only one surplus or slack variable with a zero 
coefficient in the objective function. Again the 
slight penalties are assigned a value of one per 
unit deviation and the severe penalties are ten 
per unit. The non-zero objective function coef- 
ficients are given in Table 3. 

In constraint 14 an asset’s value less than 100 
is penalized whereas no penalty is placed upon 
too large a value of this variable. The data 
from Table 1 is then translated into the follow- 
ing LP problem 

Minimize C'X 
subject to AX = B(X > 0). (9) 


The A, Band C matrices are given in Table 4. 
If no entry appears in a particular row and 


column, this value is zero. The optimal solu- 
tion for this problem is: 


S = 170 P/S = 0.09 
S/E = 


S/A = 


P/E = 1.39 
P = 153 15.45 


1.60 


P/A = 0.144 


E = 11.0 A/F = 9.66 


A = 106.25 (10) 


The non-zero deviation variables that contri- 
buted to the objective function are underlined 
in Table 1. 


‘What-not’ ing 


The next phase of the planning process is for 
the financial planner to examine the solution in 
(16) to determine if there are any variables or 
ratios that appear to be unacceptable. Since 
this procedure consists of specifying those 
items he doesn’t like, this procedure is referred 
to as ‘what-not’ing. This process can continue 
for some time since, as he forces a particular 
item (or items) toward its goal, others will 
move away from their target values. It is how- 
ever a powerful tool in the hands of an experi- 
enced planner who can then examine the 
various trade-offs that are involved in arriving 
at a satisfactory solution. Suppose, in the pre- 
vious problem, the planner wishes to 


(1) eliminate the penalty for P/E exceeding 1.3 
and 


(2) increase the penalty for Sales per Employee 
since S/E = 15.45 is unacceptable. 


This amounts to a simple change to the pro- 
gram, namely set C(34)=0 and C(20) = 25. 
The large value assigned to C(20) is an arbi- 
trary choice and should force S/E into the 
interval (16, 17). The resulting optimal solution 
is 

= 176* P/S = 0.09 


S/E = 


P/E 
P/A 
A/E 


1.44* 
P = 15.84 
E = 11.00* 
A = 110.0 


16.0 0.144 


S/A = 1.6 10 


(11) 


The entries marked with the asterisk rep- 
resent violations, the principle one being the 
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excessive sales value of 176. The total contribu- 
tion to the objective function from this variable 
is 1(176-160) + 10(176-170) = 76, which is 
97% of the total. The planner then continues 
with the ‘what-not’ing procedure by varying 
penalties on those variables he feels won’t be 
accepted by management or on those variables 
he may have penalized too much. 


The multi-year problem 


Generally the financial planner is given the 
task of preparing a plan that covers several 
years rather than one isolated fiscal year. These 
years are usually inter-related since they con- 
tain variables that affect more than one time 
period. For example, depreciation in one time 
period is affected by capital expenditures in the 
previous time periods. This section will con- 
sider a severely over-constrained three year 
plan. 

This plan is more realistic in that it considers 
a large number of financial variables for each 
year. The complete financial plan may, in some 
cases, contain dozens of items for each year all 
of which are tied together in some manner. The 
planner in this example has to come up with a 
three year plan which contains 14 key vari- 
ables. These are 


(1) S—sales, 
(2) P—profit, 
(3) E—number of employees, 


(4) EPS—earnings per share (number of shares 
fixed for each year), 


(5) NFAF—net fixed assets (facilities), 
(6) NFAE—net fixed assets (equipment), 
(7) OA—other assets, 

(8) A—assets—end of year, 

(9) AA—average assets, 

(10) CE—<capital expenditures, 


(11) CEF—capital expenditures (facilities), 


(12) CEE—capital expenditures (equipment), 


(13) DEP—depreciation and 
(14) PAY—payroll. 


The planner in this case has no control over 
the sales variable, i.e. one of his constraints for 
each year is LB for sales = UB for sales. The 
manager here has a good idea of what the sales 
will be for each year and doesn’t want this to 
be a variable to be used by his planners in 
arriving at a satisfactory plan. So in a sense the 
fixed sales amounts will ‘drive’ the remaining 
variables. This was the strategy used at Texas 
Instruments, Inc. The constraints for this prob- 
lem are given in Table 6. As in the previous 
example, these data have been scaled so that all 
variables are of approximately the same magni- 
tude. In this way the planner avoids the prob- 
lem of having the smaller variables more sensi- 
tive to small deviations, i.e. it is assumed at the 
Start that a 1% change in each variable will be 
penalized roughly the same amount. 

For this illustration EPS is derived from the 
expression 


EPS = profit/(number of shares). 


The number of shares is fixed for each year and 
are shown in Table 5. 

The constraints in Table 6 are within time 
period constraints. There are 65 such con- 
straints in 1978 and 1979 which along with the 
64 constraints for 1980 produce 194 constraint 
equations for the three year problem. These 
194 constraints produce 126 deviation vari- 
ables in 1978, 126 variables in 1979 and 124 
such variables in 1980. Consequently the 
within time period constraints have so far pro- 
duced 42 key variables (14 for each year) and 
376 deviation variables for a total of 418 vari- 
ables. 


Forced constraints 


A forced constraint is defined to be a con- 
straint that must be included to tie two or 
more variables together. There are two types of 
such constraints: 


(1) within time period forced constraints and 
(2) between time period forced constraints. 


For this problem we have included two con- 
straints of the first type for each time period. 
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5. NUMBER OF year which tie together the variables that affect 
SHARES the over-all plan in two time periods. These 
TE constraints are: 








2,600,000 (1) (NFAF + NFAB), 
2,700,000 = (NFAF + NFAE),-, + CE, — DEP, 


2,800,000 
(2) AA, = (A,-; + A)/2 
(3) DEP, = 0.10(NFAF + NFAE),-, (13) 





These are 


The Depreciation constraint in (13) is included 
for illustrative purposes only and is by no 
means typical of every (or any) financial plan. 
This produces a total of 200 within time period For time period 1978, the variables 
constraints. (NFAF + NFAE),-, and A,_, are replaced by 

In addition to these constraints there are the total net fixed assets and assets-end of year 
three between time period constraints for each for 1977 (constants), respectively. Finally to 


(1) A= NFAF + NFAE + OA 
(2) CE = CEF + CEE (12) 


TABLE 6. A MULTI YEAR PLAN 





Title of constraint Variable ZR, ZR, 





Sales 
—1978 
—1979 
—1980 
Profit % sales 
—1978 0.9758 0.985S 0.0758 0.0958 
1979 0.088 0.098 0.075S 0.0958 
~1980 0.08S 0.098 0.075S 0.095S 
Profit per employee 
—1978 1.4E — 1.3E 
—1979 1.4E 1.3E 
—1980 1.4E - 1.3E 
Earnings per share 
~1978 i 5.50 
—1979 : E 5.80 
—1980 y 6.00 
NFA (facilities) 
—1978 16 
—1979 20 
—1980 : 21 
NFA (equipment) 
—1978 
—1979 
—1980 
Other assets (% sales) 


Assets—end of year 
—1978 
—1979 
—1980 
Sales/avg. assets 
—1978 
—1979 
—1980 
Profit/avg. assets 
—1978 
—1979 
—1980 
Capital expenditures 
—1978 
—1979 
—1980 
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TABLE 6—continued 





Title of constraint Variable 


ZR, 





CE (facilities) 
—1978 
—1979 
—-1980 

CE (equipment) 

1978 
—1979 
—1980 

CE % sales 
—1978 
—1979 
—1980 

Depreciation (% sales) 
—1978 
—1979 
—1980 

No. of employees 
—1978 
—1979 
—1980 

Sales per employee 
—1978 
—1979 
—1980 

Payroll 
—1978 
—1979 
—1980 

Sales/payroll 
—1978 
—1979 
—1980 


CEF 





allow a bit more flexibility the Depreciation 
constraint for 1978 in (13) was removed pro- 
ducing a total of eight between time period 
constraints. The final tally for this problem is 
208 constraints and 418 variables. 


Solving the multi-year problem 


Because of the between time period con- 
straints it is necessary to stack the three years 
side by side into one large problem. As men- 
tioned previously one essential ingredient of an 
effective goal programming planning system is 
fast computer turnaround time. This is compli- 
cated by the large core storage requirements of 
a multiple year problem. The requirements for 
most double precision FORTRAN LP programs 
are 


M x N x 2 x 4(bytes per word) + M? x 2 x 4 (14) 


where M=number of constraints and 
N = number of variables. 

For the previous problem, this amounts to 
approximately one billion bytes. The second 


term is included since the LP routine generally 


requires a dummy storage array of size M?. 
Also, due to the size of the problem the CPU 
time necessary to arrive at an optimal solution 
can be quite large. Using a conventional 
double precision LP subroutine [4], no solu- 
tion was found for the three year problem 
using twelve minutes of CPU time on an IBM 
370/158. The solutions presented in Table 7 
were found using the program MPSx, an IBM 
product [2]. It is a large scale LP system 
equipped to handle problems of several thou- 
sand variables and constraints. MPSx was able 
to solve the example problem very easily utiliz- 
ing less than one minute of CPU time. mpsx 
also provides a great deal of informative out- 
put, part of which enables the user to track 
down the cause of an infeasible solution, 
should one occur. 

Solution | in Table 7 contains the solution 
to the three year problem presented in the pre- 
vious section. Solutions 2 and 3 were the 
results of a ‘what-not’ing procedure that 
removed unacceptable values in an attempt to 
derive a successful three year plan. Solution 2 
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TABLE 7. SOLUTIONS TO THE 3 YEAR PROBLEM 





Solution | 


Variable 1979 1980 


Solution 2 
1979 


Solution 3 


1978 1980 1978 1979 1980 





Sales 185 
Profit % sales 

Profit per employee 
Earnings per share 
NFA (facilities) 
NFA (equipment) 
Other assets % sales 
Assets-end of year 
Sales/avg. assets 
Profit/avg. assets 
Capital expenditures 
CE (facilities) 

CE (equipment) 

CE % sales 

Deprec. % sales 

No. of employees 
Sales per employee 
Payroll 
Sales/payroll 


210 


165 185 


9 8.8 
1.87 1.84 
5.64 





considers the unacceptable values in Solution 1 
whereas Solution 3 attempts to remove the 
extreme values in Solution 2 that management 
find unsatisfactory. The variable whose value is 
unacceptable in each case is presented in 
Table 8 along with the modification to the 
objective function intended to force this vari- 
able or ratio closer to its goal. The j-th coeffi- 
cient of the objective function is represented by 
C(j). The variables that encountered a severe 
penalty are underlined in Table 7. 

For this illustration, the financial planner 
finds that Solution 3 presents an acceptable 
plan i.e. he has found the best compromise to 
his over-constrained problem. This example 
illustrates how the planner is able to consecu- 
tively consider the various plans that are avail- 


TABLE 8. MODIFICATIONS IN SOLUTIONS 2 AND 3 





Solution 2 


Unacceptable variable/ratio Remedy 





1. Assets—End of Year 
—1978 

2. Sales/Avg. Assets 
—1978 

3. Assets—End of Year 
—1980 


Change C(68) from 
10.0 to 25.0 

Change C(76) from 
10.0 to 25.0 

Change C(348) from 
10.0 to 25.0 





Solution 3 


Unacceptable variable/ratio Remedy 





1. Sales/Avg. Assets 
—1978 

2. Other Assets % Sales 
—1980 


Change C(76) from 
25.0 to 50.0 

Change C(337) from 
10.0 to 25.0 





able to him until a satisfactory plan in 
obtained. 


DEVELOPING AN OPERATIONAL 
SYSTEM 


The problem of how to deal with an over- 
constrained financial plan was originally posed 
at Texas Instruments, Inc. by the head of cor- 
porate planning who was unable to effectively 
deal with the large number of competing vari- 
ables and ratios. The goal programming 
approach was suggested as a means of dealing 
with this problem and the go-ahead was given 
to develop this system. To make this a work- 
able system for every planner within TI, the 
following problems had to be resolved: 


(1) computer storage requirements, 


(2) how to assign weights to the many devi- 
ation variables and 


(3) fast computer turnaround time. 


Computer storage requirements ° 


As mentioned in the previous section, this 
was resolved by using MPSx, an IBM linear 
programming system. This product can be 
leased from IBM, but is reasonably expensive 
and for that reason may not be readily avail- 
able to all potential users. Furthermore, this 
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system is intended for IBM computers and 
consequently the user may have to search else- 
where for a program that will handle large- 
scale LP problems. The author has only had 
hands-on experience with MPSx. 

It is vital that the various financial plans 
(during the ‘what-not’ing process) be examined 
in a time sharing environment. The user must 
be careful that the storage requirements for the 
problem as well as for the MPSX program 
itself do not exceed the capacity of the time 
sharing system. Typically, time sharing options 
are intended for problems that are smaller 
scaled with less storage requirements. Conse- 
quently, prime consideration must be given to 
this problem when deciding what system (or 
time sharing company) to use for constructing 
a large multi-year plan. 


Assigning weights to the deviation variables 


The method of ranking the various goals was 
considered to be an unsatisfactory method of 
dealing with the planning problem since there 
was such a large number of conflicting vari- 
ables and ratios. Such a procedure would be 
extremely cumbersome for lower-level planners 
especially and would require an enormous 
(perhaps unavailable) amount of input. 

This led to the more flexible, multi-cornered 
penalty function discussed previously. The 
major problem now was how to assign the 
slopes to the many penalty functions. The feel- 
ing at TI was that for this to be a useable 
system, it must be relatively simple to use. 

The solution to this problem was to assign a 
penalty of one per unit deviation for each slight 
penalty and ten for the severe penalties. The 
numerical values are really unimportant since 
its their relative values that matter; hence, one 
and ten were assigned for the first solution. 
Consequently, this requires no input from the 
user, who can then change these values up or 
down in later ‘what-not’ing sessions. This 
method met with much success with the 
various planners at TI who used this system. 


Fast computer turnaround 


To effectively examine a large number of 
financial plans in a search for a satisfactory 
one, it is essential that the user obtain a re- 
sponse within a reasonably short period of 
time. In the original stages of developing this 
system, batch (card) input was used and typi- 
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cally the author was forced to wait several 
hours for the computer output. For such a sys- 
tem to be operational, this is extremely unde- 
sirable. 

The author recommends running in a time 
sharing environment, preferably using video 
terminals (CRTs). In this way, one can quickly 
examine a great many feasible plans without 
losing one’s train of thought. When a satisfac- 
tory plan has been reached, the user can then 
switch to a line printer or any other type of 
hard-copy terminal to obtain a printout of the 
final solution. 


SUMMARY 


At the time of the author’s exit from Texas 
Instruments, Inc., the problem of using MPSx in 
a time sharing environment was about to be 
resolved. The use of video terminals for faster 
turnaround was in the planning stage. It is the 
author’s understanding that due to people leav- 
ing the company and the shifting of other key 
personnel to other more on-line responsibili- 
ties, this system has not yet been fully imple- 
mented. It is my firm belief, however, that the 
previously discussed obstacles can be overcome 
making this a very effective planning device. 


CONCLUSION 


Goal programming can be an effective and 
flexible tool in the hands of a financial planner 
faced with an over-constrained financial plan. 
By using a five sided penalty function for each 
variable or ratio in the single or multiple year 
problem, the planner is able to assign realistic 
penalties over a wide range of values. The goal 
programming approach is able to handle ratios 
as well as absolute variables (e.g. sales, assets, 
profit) in such a way that the planner is able to 
place goals on these financial ratios in the same 
way he places on the absolute variables. An 
initial scaling of the data was necessary to 
ensure that all deviations of the same amount 
had approximately the same effect on each of 
the corresponding variables. The desire was to 
penalize a 1% change in each variable approxi- 
mately an equal amount to avoid the situation 
where a deviation of say, 100, is significant for 
one variable but not for another. 

As mentioned previously the implementation 
of goal programming as a usable planning tool 
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is no small task. Three main obstacles were 
encountered at Texas Instruments when this 
concept was originally introduced. These were 
(1) the large computer storage requirements, (2) 
assignment of the penalties to the many devi- 
ation variables in a multiple year problem and 
(3) the problem of faster computer turnaround. 
To fully utilize goal programming as a work- 
able solution the person in charge of imple- 
menting this concept must overcome these 
problems. The author has suggested ways to 
make goal programming a successful planning 
device including: 


(1) The suggestion of using CRTs (video 
terminals) to provide faster turnaround time to 
the user. In this way the planner may be able 
to operate in a time sharing environment and 
effectively examine a variety of different plans. 
Faster turnaround is complicated by the im- 
mense storage requirements and CPU time 
required for solving a multiple year problem. 
For problems with several hundred variables 
and constraints the MPSX program enables the 
user to effectively handle problems of this size. 

(2) The use of scaled data and fixed values 
for the slight and severe penalties to reduce the 
input necessary from the financial manager for 
the initial solution. The author used slopes of 1 
for all slight penalties and 10 for all severe 
penalties in the example problems. An impor- 
tant point to be made here is that the use of 
numerical coefficients (i.e. no priority factors) 
in the objective function produces a better 
‘mix’ of penalties in the final solution. This is a 
common problem when ranking the goals since 
the low priority goals are rarely attained 
whereas the goals of highest priority are met 
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precisely. In a financial planning environment 
this was considered to be undesirable. 


Goal programming can be a very powerful 
means of dealing with a large set of competing 
variables and ratios that make up a large scale 
financial plan. It offers a dynamic method of 
examining a variety of different plans by consi- 
dering the numerous trade-offs that exist 
among these financial items. Rather than 
changing one variable at a time while using up 
half the world’s supply of pencils combating 
the balloon squeezing effect, goal programming 
provides the planner with a flexible and effi- 
cient instrument in a search for an acceptable 
plan. 
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This paper presents a stochastic model of production fluctuations. It compares the distributions of 
observed duration times for expansionary and contractionary phases with those which would be 
expected if production fluctuations were generated by a random process. From an analysis of the 
post World War II production time series of seven developed countries, it was concluded that the 
only ‘cycles’ in industrial activity are ‘Monte Carlo cycles’. 


1. INTRODUCTION 


THE ORGANIZATION of production in the 
capitalist system involves the short run agree- 
ment between resource suppliers and users that 
resources of a specified quality and quantity 
will be available for use by the enterprise. The 
act of production is predicated on the willing- 
ness of resource suppliers and users to 
mutually accept the employment conditions 
offered by the other. It is evident that the fra- 
gility of this relationship in an economic 
environment which is uncertain and largely 
uncontrollable may provide for considerable 
volatility in industrial production. While the 
relative freedom to alter the conditions of 
employment for resources may encourage the 
efficient use of resources, it may also induce 
fluctuations in industrial production. 

In the presence of uncertainties, and because 
of the time lags in information flows, business 
is required to conjecture about and forecast 
those factors which are pertinent to its oper- 
ations [17]. Hence, the volume of industrial 
production will frequently be changed to cor- 
rect for previous errors and oversights and/or 
to adjust to the most recent forecasts of the 
future [8]. In attempting to explain why busi- 
nessmen alter their expectations and industrial 
activity fluctuations, Pigou [14, p. 40]- referred 
to, “(1) variations in the yield of harvests... ; 
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(2) technical inventions or improvements... ; 
(3) the discovery and exploitation of mineral 
deposits... ; (4) industrial disputes; (5) net 
changes...in taste,...for some commodity 
...”. To these ‘causal agents’ we may add 
numerous other financial, political, and even 
climatic factors such as currency crises, wars, 
snowstorms etc. [6, 9, 16]. 

This paper is not concerned with the 
measurement of industrial production but 
rather with the life span of successive expan- 
sionary and contractionary phases. It considers 
only non-seasonal fluctuations in industrial ac- 
tivity, so as to concentrate on the other factors 
which independently and jointly determine 
reversals. It presents a stochastic model of 
industrial fluctuations, and seeks to evaluate 
for several economies the extent to which the 
distributions of phase duration times observed 
are those which would be expected if fluctu- 
ations in industrial activity were “Monte Carlo’ 
cycles [1, 2, 7, 15]. 

A Markovian representation and a system of 
differential equations are used to establish the 
dynamic transitions by which industrial pro- 
duction moves from one phase to the other, 
and then back again. The time path of indus- 
trial production is regarded as a first order 
Markov process where the current phase (a 
trial) is dependent only on the nature of the 
previous phase. 
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2. A MODEL OF INDUSTRIAL 
FLUCTUATIONS 


Expansionary and contractionary phases 


The variety, number and complexity of 
forces affecting industrial production, and the 
proposition that industrial production in the 
aggregate reflects a composite of micro adjust- 
ments implies that the probability of a phase 
turning point during the interval of time (t, 
t + dt) is constant. Hence it is hypothesized 
that the duration times of expansionary and 
contractionary phases, trough to peak and 
peak to trough, are exponentially distributed 
with parameters a and f. If this hypothesis is 
valid, most expansionary and contractionary 
phases will be short lived, a lesser quantity will 
survive for a longer time interval, and but a few 
will endure for very long spans of time. 

The probability density functions for the 
duration times of the upward and downward 
movements of industrial production would 
then be written as 


X(t) = xe~™; expansionary phases (2.0) 


Y(t) = Be~*; contractionary phases. 2.4) 

Each time period is regarded as a trial dur- 
ing which the relative volume of industrial pro- 
duction may yield either one of two outcomes: 
production activity is in an expansionary 
phase, or it is in a contractionary phase. If the 
production volume of a particular economy in 
period ¢ is measured by /,, then a peak is 
defined to occur when J, > I,,, and I,_, < I,; 
correspondingly a trough occurs when 
I,< 1,4; and I,-,; >1,. Any one phase may 
endure for an indefinite length of time; but few 
will. The two stages of this stochastic process 
are strictly alternating such that the appear- 
ance of a peak turning point in production ac- 
tivity introduces a contractionary phase, whose 
duration time is also a random variable. If a 
trough turning point occurs, the contractionary 
phase is instantaneously replaced by an expan- 
sionary phase. 

As can be seen from Fig. 1, the probability of 
observing a peak turning point in t, t + dt, 
given that industrial production was in an 
industrial expansion at t is adt, i.e. the condi- 
tional probability of a peak turning point. 
Similarly, the probability of a trough turning 


Contraction 
of industrial 
Production 


Expansion of 
industrial 


(1- Bat) 
Production 


Bat 


Fic. 1. Probability of transitionary processes of industrial 
fluctuations 


point in t, t + dt, given that industrial produc- 
tion was contracting at ¢ is Pdt. 

By integrating the two density functions, 
(2.0) and (2.1), we may obtain the cumulative 
probability functions 


t 
X= | ae “dt 
0 


Y = | Be" dt=1-—e* (2.3) 
0 

which give the probability of turning points, 

for the two respective phases, for a life span 

(0, t). The survival functions then for expan- 

sionary and contractionary phases would be 


ae e7*) =e 


(2.4) 


Y=1-(l-e =e, (2.5) 
Equations (2.4) and (2.5) give the probabilities 
that the respective phases endure for ‘t or more 
units of time’. 


The dynamics of industrial fluctuations 


Employing the conditional probabilities 
shown in Fig. 1, it is possible to write a system 
of differential equations which describe the 
alternating (transitionary) behavior of indus- 
trial fluctuations. The probability that indus- 
trial production is in an expansionary (e) phase 
at time t + dt is given by 


P(t + dt) = P(t)(l1 —adt)+ P(t)Bdt+Odt. (2.6) 


Its counterpart, the probability of industrial 
production being in a contractionary (c) phase 
at t + dt would be 

P(t + dt) = P(t)xadt + P{t)(1 — Bdt)+Odt. (2.7) 


The last term of (2.6) and (2.7) gives the prob- 
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ability of both phases occurring during tf, 
t + dt. The differential equations of (2.6) and 
(2.7) may be written as 


Pi(t) = —a P(t) + B P(t) (2.8) 


and 


P(t) = a P(t) — B P.{t). (2.9) 


Assuming that the system was in an expan- 
sionary phase at t = 0, and hence that the ini- 
tial conditions are P,(0) = 1 and P,(0) = 0, we 
may transform (2.8) and (2.9) by Laplace trans- 
forms 


sP,(s) — 1 + aP,(s) — BP{s) = 0 
sP(s) — « P.(s) + B P{s) = 0 


(2.10) 
(2.11) 


x 


P(s) = Y{P(t)}} = [ e “ P(t) dt 


0 


P'(s) = Y{P'(t)} = sP(s) — PO). 


" The solutions of (2.10) and (2.11) for P.(s) and 
P.(s) are 


s+B8B 


Seis s(s +a+ B) 


x 


Digi 
cs) s(s + « + B) 


The availability of expansionary phases 


Since the volume of industrial production 
may fluctuate from one phase to the other, we 
may wish to know the probability that indus- 
trial production will be in an expansionary 
phase at some time tf. This concept is frequently 
referred to as the ‘availability’ of a system [3]. 
The availability function P,(t) for expansionary 
phases is given by the inverse transform of P,(s) 

P.(t) = 27 '{P,(s} = —— + —— 
a+B a+f8 
where P,(0) = 1 and P.(0) = 0. 

Given that these phases are mutally exclu- 
sive, the probability that industrial production 
will instead be in a contractionary phase at 
some future time period t is given by 


e —(a+py 


(2.13) 


ml e (be 


P.(t) = 1 — ¥- {Bs} = —— -— (2.14) 
a+ a+ Bp 


It may be shown that for very long sample 
periods (t—> +00), P(t) and P.(t) are unaffec- 
ted by the initial conditions. 

While the economic adjustments resulting 
from downturns in industrial production may 
be desirable in achieving a more efficient use of 
an economy’s resources, they nevertheless have 
many negative consequences for associated 
individuals and businesses. Society would 
generally prefer to forego these instabilities and 
have a smooth steady ascent to higher output 
levels. Given society’s disdain for contractions, 
we may wish to estimate the average amount of 
time during (0, 7) which we expect industrial 
production to spend in each of the phases. The 
average availability of expansionary phases, 
AAE, would be given by 


aT 


ae 
AAE(T) = | P.(t) dt 
T Jo 


1 B eT x al 
= | dt + | e (FON de 
Tla+B Jo +BJo 


B Brg 
= += =a | 
a+B T(x + B) 


eo at DTy, (2.15) 

For very long intervals of time (T— +0), 
the steady state availability of expansionary 
phases would be 


- : B x 
AAE(co) = lim wT - SO ae (2+B)T) 
Tox (a+PB | T(x + By 


B 
= : (2.16) 
a+ 


Similarly, the average availability of con- 
tractionary phases (AAC) would be 


aT 


I 
AAC(T) = | P.(t) dt 
T Jo 


a 


— - -[t—« 
a+ B T(x + B)* 


GrMry (2.17) 


AAC(c0) = (2.18) 


a+p 
3. A COMPARATIVE ANALYSIS OF 
INDUSTRIAL FLUCTUATIONS 


Statistical measurement 

Since the data available for empirical testing 
are discrete (monthly), we shall compare the 
observed distributions of phase duration times 
with those expected for the discrete analog of 
the exponential distribution, the geometric dis- 
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tribution. The discrete versions of (2.0) and 
(2.1) would be 


f(t;1 — p)= (1 — pp! (3.0) 
t= 1,2,3,...months; 0<p<1 for expar- 
sionary phases, and 


g(t;1 —q)=(1 —q)q'' (3.1) 


t = 1, 2, 3,...months; 0 < g < 1 for contrac- 
tionary phases. 
The mean time-to-peak (MTP) and variance 


of time-to-peak (VTP) for expansionary phases 
would be 


MTP = y'(1) = 1/(1 — p) (3.2) 


and 


VTP = w"(l) + (I) — TWD? = pl — pP (3.3) 
where the probability generating function is 


w(z) = > zp’ "(1 — p). 
t=1 


Similarly, the mean time-to-trough (MTT) 
and variance of time-to-trough (VTT) would be 


MTT = I/(1 — q) (3.4) 


and 


VTT = q/(l — q)’. (3.5) 


Empirical results 


The data used to evaluate this stochastic 
model were the indexes of industrial produc- 
tion published by the Bureau of Economic 
Analysis in the Business Conditions Digest for 
the following countries: Canada, France, 
Japan, Italy, United Kingdom, United States 
and West Germany. These indexes are com- 
puted monthly and are seasonally adjusted 
with a base period of 1967. The sample period 
for each country was: Canada (8/1946—3/1974); 
France (11/1951-3/1974); Italy (10/1948- 
2/1974); Japan (2/1951-4/1974); United King- 
dom (4/1948-2/1974); United States (2/1945- 
9/1974) and West Germany (6/1948-4/1974). 

Though NBER reference cycles are not 
available for each of these countries, this 
author would argue that they do not provide a 
fair test of the Monte Carlo hypothesis since by 
definition they would exclude the most preva- 
lent fluctuations under the null hypothesis, 
namely the short ones [2]. Burns and Mitchell 


[5, pp 57-58] decided not to recognize “a rise - 


and fall as a specific cycle unless its duration is 


at least fifteen months...,” and yet it is clear 
that all non-seasonal movements in economic 
activity need not be large or occur over a long 
period of time to be real. It is interesting to 
note, however, that with an alternative metho- 
dology and some minor adjustments to the 
reference cycle data (US), McCulloch [7] has 
found strong evidence that cycles in business 
activity are Monte Carlo. 

In contrast to reference cycles this study uses 
all measured upward and downward move- 
ments in business activity regardless of ampli- 
tude or duration. Without altering or filtering 
the data, beyond the removal of seasonal fac- 
tors, the postwar production. history of each 
country was subdivided, employing our pre- 
vious definitions of peak and trough turning 
points, into mutually exclusive periods when 
production was either expanding or contract- 
ing. The resulting time durations from trough- 
to-peak and peak-to-trough form our observa- 
tions of the random variables and constitute 
the data from which the parameters p and q 
were estimated for each country. p and q are 
estimated by the maximum likelihood tech- 
nique. 

Differences between countries in the calen- 
dar date of the first observed phase and in the 
duration time of phases caused some countries 
to have a smaller number of completed phases 
(trough-to-trough) than did others. The United 
States, for example, had the longest observa- 
tion (sample) period but also had the fewest 
phases with 27. In comparison, but for a some- 
what shorter sample period, the United King- 
dom and West Germany each had 54 complete 
phases. 

The longest expansionary period in indus- 
trial production occurred in Canada and lasted 
46 months. The United States and Japan also 
each had several expansionary phases which 
lasted between 20 and 40 months, and all coun- 
tries, with the exception of the United King- 
dom, had at least one expansion which en- 
dured for 18 months or more during the post- 
World War II period. The two longest expan- 
sionary phases in the UK were for 13 and 12 
months, respectively. 

In comparison, the longest contractionary 
periods in industrial production, both exceed- 
ing | yr, were observed in the US. 

For expansionary phases, it appears that 
Canada, Japan and the US have substantially 
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TABLE |. PHASE STATISTICS FOR INDUSTRIAL FLUCTUATIONS BY COUNTRY 





Expansions? 


Country’ MTP? 


Contractions? 


¢ N? MTT? vTT? 





461 
3.75 
es 
5.95° 
Sta 
7.46° 
3.50 


Canada 

France 

Italy 

Japan 

United Kingdom 
United States 
West Germany 


<!l 1.6 
<i 1.47 
5.70 

+ 


1.60 
1.58 
<i Ss 1.91 
<4* 2.93 
4.32 1.36 





' The sample period for each country was: Canada (Aug. 1946—Mar. 1974); France (Nov. 1951—Mar. 1974); Italy (Oct. 
1948-Feb. 1974); Japan (Feb. 1951—-Apr. 1974); United Kingdom (Apr. 1948-Feb. 1974); United States (Feb. 1945-Sept. 


1974); and West Germany (June 1948-Apr. 1974). 
2 ¥3.0511) = 3.84; 70.05;3) = 7.82. 
> Expressed in months. 


* Based on the same three classes used for contractions; the expected frequencies were insufficient for five classes. Even 
after combining classes, Japan has two classes with expected frequencies less than five. 

> One expected frequency is less than five; all are in the neighborhood of four. 

© Estimated from the same five classes used for the other countries so as to be comparable. 


greater mean times-to-peak than do the other 
countries. While the United States has had 
fewer ups and downs in industrial production 
during the postwar period than other coun- 
tries, its production activity has tended to 
remain in both expansionary and contraction- 
ary phases for greater amounts of time. In 
comparison Canada and Japan have mean 
times-to-trough which are much shorter than 
those of the United States and thus would tend 
to have the greatest opportunity for production 
gains. 

Though smaller, the MTP of the European 
countries and the UK are similar in magnitude 
between themselves. The tendency of the UK 
and the European countries to have shorter 
expansionary phases, however, is partially off- 
set by their similar tendency to have short con- 
tractionary phases. The smallest time advan- 
tage for industrial expansions relative to con- 
tractions occurs in the UK, which has a small 
mean time-to-peak and the second largest 
mean time-to-trough. 

To test the hypothesis that non-seasonal 
upward and downward swings in industrial 
production are random disturbances rather 
than the result of systematic restrictive forces, 
we have focussed on a comparison of the 
observed distributions of phase duration times 
with those which would be expected under the 
null hypothesis. In contrast to the argument 
that the instantaneous probability of a reversal 
increases with time, the null hypothesis that 
industrial fluctuations are Monte Carlo-cycles 
argues that this probability is constant for all t. 


To infer about the quality of their fit, we 
have subdivided the range of phase duration 
time into k mutually exclusive events and then 
estimated for each event, by phase and by 
country, the number of total phases which we 
would expect to observe in each time interval. 
For expansions five (k) time intervals (events), 
expressed in months were used: E,(0 < t < 2); 
E,2<t<3); E3<t<4); E4<t< 5); 
E,(5 < t). It was not possible to have as many 
classes for contractionary phases, and for the 
expansionary phases of Japan and the US, 
because the expected frequencies for some 
Classes were too small to fulfill the assumptions 
of the y? goodness-of-fit test. Hence, the 
number of classes was reduced to the following 
three: E,(0 < t < 2); E,(2 < t < 3); E3(3 < ?). 
The chi-square statistics calculated for each 
country and phase are shown in Table 1. It 
should be noted that the MTP of Japan and 
the US were estimated from a distribution with 
five classes, rather than the three used in the 7? 
test, so as to be comparable with others. 

As can be seen from Table 1, all y? statistics 
(a = 0.05) are less than their critical values. 
Hence, based on the sample of industrial pro- 
duction phases arising since World War II, 
there appears to be strong support for the null 
hypothesis that industrial upswings and 
downswings are random fluctuations rather 
than cycles. Though insignificant, the x? stat- 
istics for the expansions in Italy and West Ger- 
many, and the contractions in France and 
Italy, are larger than their counterparts for 
other countries. Indeed, the x? statistics in gen- 
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TABLE 2. AVAILABILITY AND SURVIVAL OF EXPANSIONARY PHASES 





Country 1/7 AAE 


§(3) S(6) §(12) 





0.783 
0.733 
0.692 
0.832 
0.731 
0.866 
0.714 


Canada 

France 

Italy 

Japan 

United Kingdom 
United States 
West Germany 


0.74 
0.72 
0.67 
0.79 
0.66 
0.72 
0.73 


0.48 
0.39 
0.33 
0.58 
0.39 
0.65 
0.36 


0.23 
0.16 
0.11 
0.33 
0.15 
0.42 
0.13 


0.05 
0.02 
0.01 
0.11 
0.02 
0.18 
0.02 





1 The maximum likelihood estimate using five classes (t is expressed in months): 
E,0 <t < 2); E,(2 <t < 3); E,3 <t < 4); E(4<t <5); Es < 0). 


eral are quite small and suggest a close fit of 
observed with expected frequencies for geo- 
metric distributions with parameters p and 4. 

These goodness-of-fit tests indirectly test the 
hypothesis that the probability of a turning 
point during the next interval of time is con- 
stant, and thereby examine the value of phase 
duration time itself as a predictor of turning 
points. From the post-World War II experi- 
ence of these economies it appears that the cur- 
rent duration time of a phase has little to do 
with the probability of a reversal during (t, 
t + dt). This conclusion contradicts our intui- 
tion which argues that the longer we have been 
in a particular phase, upswing or downswing, 
the higher the probability that it will be 
reversed in the next period. These intuitions, 
which are probably heavily influenced by the 
other birth-death processes we observe, appear 
to be misplaced if applied to fluctuations in 
business activity. 

By using information contained in both the 
MTP and the MTT, we may estimate the aver- 
age availability of upswings. From the rela- 
tively large MTP and small MTT of Japan, it is 
not surprising that it would have the highest 
average availability for expansionary phases. 
For a long time horizon (T — +0), we would 
expect it to spend over 75% of its time in 
expansions. By comparison the UK has the 
smallest (66%) estimated availability for expan- 
sionary phases and would be expected to spend 
more time in industrial contractions. Unless 
production advances more rapidly in the UK, 
when they are in expansions and/or declines 
less rapidly when in contractions compared 
with other countries, they probably will experi- 
ence slower growth in industrial production. 

Given our preference for periods of pros- 
perity, we may also wish to know the life ex- 
pectancy of any particular expansionary phase. 


This would be given by the following survivial 
function of f 


S=1-F()=p' (3.6) 


where F(t) is the cumulative distribution func- 
tion of f(t). § estimates the probability that any 
expansion of industrial production will con- 
tinue to expand for more than t units of time 
from the last trough. 

The survival probabilities for the US are 
higher than those of any other country. See 
Table 2 and the graphs in Fig. 2. The large 
survival probabilities for the US do not imply 
that it will on the average spend more time in 
expansionary phases than Japan, but only that 
if it enters an expansionary phase, there is a 
relatively high probability that it will endure 
for a considerable span of time. The average 
availability of expansionary phases is not un-_ 
usually high for the US, however, because its 
contractionary phases also endure for relatively 
long periods of time. 

The graph of survival time for the UK slopes 
more rapidly toward the time axis and, like the 
other European countries studied, virtually 
reaches zero for t equal to 12 months or more. 


Limitations 


The index of industrial production has been 


S(t) 
U.S 


1.0 


08s 
Canada 
06 








| es & 
3 4 
months 


’ Fic. 2. Survival functions for expansionary phases: Canada, 
United Kingdom, United States 
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TABLE 3. STATISTICS FOR INTERMEDIATE AND LONG-TERM FLUCTUATIONS: US 





Length of phases’ 


Expansions 


Contractions 





A 


Pp 
0.754 
0.809 
0.768 


3 or more months 
4 or more months 
Quarterly data* 


; k 
<1 4 
3.64? 4 
5.5? 4 





‘Except where otherwise noted four classes were used: E,(r <t<r +1); 
E,r+1<t<r+ 2); E,(r7+2<t<r-+ 3); E,(r + 3 < 0), where r is the minimum 


duration time. 


2 One class had an expected frequency less than 5. If the number of classes is reduced 
to 3, the requirements for x? goodness-of-fit test are fulfilled and y? < 1. 

3 Three classes were used: the 4th month, Sth month, and 6 or more months. 

* The distribution of duration times is based on quarterly observations (3 month 
average). The chronologies of peaks and troughs are determined as with the monthly 


data. 


used here as a measure of business activity 
because it is available for several major decen- 
tralized economies and because its specific 
peaks and troughs, as defined by the National 
Bureau of Economic Research, closely coincide 
with reference cycle peaks and troughs. 

Nevertheless, it suffers from some errors of 
measurement which should be noted. First, 
industrial production does not cover all econ- 
omic activity. Indeed, in many countries it 
would be less than one-half of total aggregate 
activity, and this proportion seems to be de- 
clining with the growth of public and service 
sectors. Second, the designation of turning 
points from the series as measured, without 
some threshold for change, creates the possibi- 
lity that some chronologies merely result from 
,Measurement error in the index. Hence, there 
are times when we shall conclude that reversals 
occurred which did not. 

The other side of this measurement problem, 
however, is that the index may not change to 
indicate that a reversal occurred, when in fact 
it did. A priori it would not appear that either 
of these error types would prevail, and hence 
with large numbers of observations there may 
be some cancellation of their effects. 

To evaluate the impact of measurement 
error in creating turning points which did not 
actually occur, and to determine the sensitivity 
of our conclusions to very small, short-term 
movements, we have performed goodness-of-fit 
test on intermediate and long term fluctu- 
ations. For both expansions and contractions 
Table 3 shows the estimated parameters and ? 
statistics associated with geometric distribu- 
tions where the duration times of phases are at 
least three or more months and four or more 


months. Additionally, the same analyses were 
performed where industrial production was 
reported quarterly, thereby tending to smooth 
out some of the small, frequent changes 
observed with monthly data. 

These tests excluded those movements with 
very short duration times and thereby reduced 
the number of observations for most countries 
beyond the quantity required to perform mean- 
ingful goodness-of-fit tests. Hence, our atten- 
tion is confined to the US where all observa- 
tions satisfying the duration threshold between 
4/1919 and 9/1974 were used. The data 
were taken from I[ndustrial Production (1971) 
and various issues of the Federal Reserve 
Bulletin. 

As with our previous findings, all 7? statistics 
are insignificant, and we are unable to reject 
the hypothesis that phase duration times follow 
geometric distributions with parameters p and 
q, even when the most frequent, short-term 
movements are excluded; i.e. the probability of 
a reversal for upswings, or downswings, 
between (t, t + dt) is constant for intermediate 
and long-term movements in business activity. 
Additionally, it would appear that the 
measurement errors which create some short- 
term movements do not have an important 
effect on our earlier test of the Monte Carlo 
thesis, at least as far as our conclusions are 
concerned. 

Another important potential difficulty with 
our data concerns the impact which revisions 
in the production index might have on the dis- 
tribution of duration times and hence on our 
tests. Broder [4] for example, found that the 
dates, lengths and amplitudes of cyclés are 
affected by the choice of the base year of the 
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Federal Reserve Board’s Index of Industrial 
Production. 

To determine the effects of revisions in the 
index on the distribution of duration times, we 
compared the sample of duration times using 
the series with 1957-59 as the base year with 
the series using 1967 as the base year. The data 
were taken from Federal Reserve Bulletins for 
the US. The 1957-59 and 1967 base year series 
used cover the time periods 4/1919-2/1971 and 
4/1919-6/1971, respectively. The comparisons 
were made between data for the two base 
periods for both upswings and downswings. 

The duration times were distributed into 6 
classes (events): E,(1< t < 2); E,(2 < t < 3); 
E,3 <t<4); Es4<t<5); Es(5<t < 6); 
and E,(6<t). A x? test was employed to 
evaluate the null hypothesis that there is no 
significant difference between the distribution 
of duration times for the two indexes (base year 
1957-59 vs base year 1967). The x? test of two 
independent samples was chosen since it is a 
relatively powerful test that is sensitive to dif- 
ferences in location, dispersion, and skewness. 
For contractions 7? = 1.59, and for expansion 
y? <1; both are insignificant for « = 0.05. 

It would appear that base year revisions of 
the production index have had no impact on 
the corresponding distributions of phase dura- 
tion times. Either series yields distributions of 
duration times which are consistent with the 
Monte Carlo hypothesis. This, of course, does 
not imply that the turning points are the same 
for the two series. 


4, CONCLUSION 


After comparing the distributions of expan- 
sionary and contractionary phase duration 
times with those which would be expected from 
upswings and downswings generated by a ran- 
dom process, we must conclude that industrial 
fluctuations are in fact that rather than cycles. 

Thus, it would seem that the instantaneous 
probabilities of both peaks and troughs in 
industrial activity are constant, and that a 
stochastic model of industrial fluctuations is 
appropriate. 

This does not imply, however, that efforts to 
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forecast turning points are useless or that one 
index will not consistently lead or lag another. 
Our results here only argue that one can say 
nothing about the likelihood of a turning point 
in the next period based on the length of time 
we have been in a phase. That is, there is no 
evidence from these analyses which supports 
the conjecture that restrictive forces accumu- 
late over time and cause the probability of a 
reversal in (t, t + dt) to increase as a function 
of age of the phase. 
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The article reports the results of an experimental investigation into priority dispatching rules for a 
job shop with assembly operations. A job is made up of several parts, where parts are individual 
entities requiring several operations in different machine centres. The study was directed towards 
rules which attempt to co-ordinate the completion time of parts required in the same job. This 
mainly involves rules that utilise job status information such as operation float, number of parts 
completed, and number of operations remaining on each part. Results indicate that job status 
information improves most of the measures of performance used. 


INTRODUCTION 

MOST OF THE research on the effectiveness of 
job shop priority dispatching rules has 
assumed the job or customer order to consist 
of a single entity with serial routing on which 
operations are performed as it moves through 
the various centres. The results of this research 
are well known, and some of the articles fre- 
quently quoted in the literature include [3-6] 
and an excellent survey was made by Pan- 
walker and Iskander [9]. The single entity 
assumption will normally enable the dispatch- 
ing priority index for the job to be evaluated 
by the personnel in the centre where that par- 
ticular job happens to be waiting for its next 
operation. This means that centres can work 
independently and, apart from informing the 
customer of probable delivery date, there is no 
value in reporting the time when operations 
were completed. 

The next level of complexity in the study of 
job shop dispatching rules was the introduc- 
tion of assembly constraints. Here the job is 
still an individual entity, but it has more than 
one direct predecessor operation. This situ- 
ation introduces the problem of delays caused 


by staging. To reduce these delays the progress — 


of the various operations has to be paced or 
synchronised. Dispatching rules based on job 


slack tie the various operations to a comple- 
tion date and thus tend to achieve this required 
synchronization. Conway, Maxwell and Old- 
ziey [1] showed that rules based on slack per- 
formed better than the shortest processing time 
(SPT) rule when the shop load is relatively 
high. Maxwell and Mehra [7] also studied this 
problem of delays caused by staging. They 
showed that the inclusion of what they called 
local job status information is a significant 
factor in improving performance. Local job 
status information considers information on 
operations already completed in order to 
achieve the required synchronization, while 
classical job shop studies only use information 
on uncompleted operations when determining 
priority. They also classified the job informa- 
tion as local operation status, local job status, 
global job status, and global shop status. The 
classification is perhaps superfluous. It would 
probably suffice to have two classifications 
only. First, a dispatching rule may be called 
local if it can be computed by the centre where 
the job is waiting for the next operation. Of 
course, an appropriate job card may have to be 
tagged onto the job showing the shop route, 
operation standard times and _  due-date. 
Second, a dispatching rule may be called global 
if it cannot be computed by the centre in which 
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the job is waiting. Perhaps the rule utilises 
information on the progress of related parts 
and/or queue lengths in other centres. 

When the job consists of several parts which 
must be finally assembled into one unit, the 
problem of evaluating dispatching rules takes 
on an extra dimension. Assembly operations, of 
course, cannot normally commence until all 
the necessary parts are ready. Dispatching 
rules such as SPT (shortest processing time, 
SLACK, SLACK/OPN (slack divided by the 
number of remaining operations), and FCFS 
(first come first served) require less information 
to implement because they are not dependent 
on the progress of related parts in other 
centres. However, these rules do not utilize 
progress information on other parts required 
for the same job. Moreover, the SPT rule does 
not co-ordinate or synchronise the completion 
time of parts in the same job, and does not 
perform well in job shops with assembly oper- 
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One of first studies cited by the author on 
job shops with assembly operations, as 
opposed to constraints, was done by Maxwell 
at the Rand Corporation [2, 8], where the need 
for dispatching rules based on the status of 
various job parts was realised: “The rules that 
have performed well in previous investigations, 
such as SPT and SLACK/OPN, ignore the 
possible existence of a product structure”, and 
finally Maxwell concludes: “This study urges 
that future work concentrate on rules of a 
dynamic nature with respect to the status of 
completion of the product structure and the 
use of SPT in the job shop”. The priority dis- 
patching rules used by Maxwell and also used 
in this study are shown in Table 1. Maxwell’s 
results for the assembly shop are shown in 
Table 2. He uses the terms ‘job’ and ‘product’ 
instead of ‘part’ and ‘job’ respectively. His job 
shop consisted of nine centres, with jobs (‘pro- 
ducts’ in his terminology) being randomly 


ations. routed with an average of nine operations per 


TABLE |. PRioRITY RULES 





Symbol Description 





SPT 


Select the operation that has the shortest expected processing time. 
FASFS 


Select the operation whose parent job arrived first at the shop, first arrival at the 
shop first served. 

Select the operation with the smallest slack. The slack is computed by performing a 
critical path analysis on the remaining operations sequence network and using the 
due-date as the latest possible completion time. 

The operations are divided into two classes. An operation is class | if its slack is 
less than or equal to yp, class 2 if its slack is greater than yp. SPT is used to select a 
specific operation from the Ist class, when the Ist class is empty SPT is used to 
select an operation from the 2nd class. 

Select the operation with the smallest slack divided by the number of remaining 
operations. If the slack is negative, the division is replaced by multiplication. 

A priority index is calculated using rule 5 and operations are divided into two 
classes. An operation is class | if its slack-per-operation is less than or equal to p. 
class 2 otherwise. The shortest processing time is used to select a specific operation 
from class | or from class 2 if class 1 is empty. 

Select the operation whose parent job has the smallest number of uncompleted 
parts, with ties broken by the shorted processing time. The shortest processing time 
is also used for selecting operations in the assembly centre. 

Select the operation with the smallest difference between the maximum remaining 
work over the parts in the job and the remaining work on the specific part to which 
this operation belongs. Priority is not re-evaluated as operations on other parts of 
the same job are completed. 

Select the operation with the smallest difference between the maximum number of 
operations remaining over the parts in the job and the number of remaining oper- 
ations on the specific part to which the operation belongs. Priority is re-evaluated 
each time an operation is selected from the queue. The shortest processing time is 
used as a tie-breaker, and also used for selecting operations in the assembly centre. 
Select the operation with the smallest float. The float is computed by performing a 
critical path analysis on the remaining operations sequence network and putting 
the latest possible job completion time equal to the earliest possible completion 
time. Priority is re-evaluated each time an operation is selected. The shortest 
processing time is used as a tie-breaker, and also for selecting operations in the 
assembly centre. This rule is a generalized version of rule number 8. 


SLACK 


SLACK-SPT, pu 


SLACK/OPN-PN 


SLACK/OPN-SPT, 


NUJOB-SPT 


MAXRWD-NR 


MAXNRD-SPT 


FLOAT-SPT 


Source for rules 1 to 9: [8] The terms ‘product’ and ‘job’ have been interchanged for ‘job’ and ‘part’ respectively. 
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TABLE 2. EFFECT OF NUMBER OF PARTS PER JOB FOR A 90° SHOP LOAD 





2 


Number of parts per job 
5 


10 





0.7380* 
1.1808+ 
11.09t 
1.39658 
1.2113 
0.2623 
51.62 
0.5066 
1.0846 
0.7097 
10.13 
0.1585 
0.6967 
0.9310 
9.57 
1.2763 
0.7231 
0.8844 
11.50 
0.9282 
0.7958 
0.5494 
2.42 
0.2518 
0.7732 
0.5988 
2.29 


0.3476 


5 SLACK/OPN-PN 


MAXNRD-SPT 


NUJOB-SPT 


SLACK/OPN-SPT u 


SLACK-SPT uu 


1.1201 
1.3417 
14.38 
1.2990 
1.2212 
0.1825 
21.67 
0.3339 
1.3543 
0.6939 
0.44 
0.0435 
0.9122 
0.7338 
7.76 
1.0814 
0.9686 
0.5710 
9.68 
0.7399 
1.0947 
0.5794 
0.94 
0.1751 
1.0444 
0.5744 
0.50 
0.4316 


0.050 


0.050 


2.6436 
6.7903 
37.61 
2.7943 
1.7169 
0.4903 
26.22 
0.5814 
1.9827 
0.9138 
11.93 
O.S115 
1.6447 
2.2692 
11.28 
1.8237 
1.4490 
1.2922 
14.79 
1.2960 
1.9246 
1.2857 
14.33 
0.9418 
1.7488 
1.1229 
9.78 
0.9140 


0.075 





Sample = 9000 parts. 
* Mean job flow time. 
+ Job flow time variance. 
t Percentage of jobs late. 
§ Mean job tardiness. 


| Minimizing value of y for percentage of jobs late for SLACK/OPN-SPT, yu and SLACK-SPT, x. 
Source: [8] The terms ‘job’ and ‘product’ have been interchanged for ‘part’ and ‘job’ respectively. 


part. The assembly operation was, in fact, a 
dummy, so that the job was completed when 
all the necessary parts were ready. The number 
of parts per job was kept constant. Rules which 
made use of job status information, NUJOB- 
SPT and MAXNRD-SPT, gave the lowest job 
flow time, while SLACK/OPN-PN minimised 
the mean job tardiness. In another recent study 
Rachette and Sadowski [10] considered a job 
shop with parts and assembly operations, but 
come to the surprising conclusion that SPT 
was the best rule without considering rules that 
utilize progress information on the various job 
parts. However, they did include labour move- 
ment between centres and labour efficiency 
into their model. On the effect of labour they 
concluded: “Workforce flexibility (and corre 
sponding machine availability) were found to 
improve significantly the performance of both 


criteria and all dispatching rules”. Perhaps it 
would have been surprising had this conclusion 
been otherwise. Workforce flexibility is 
obviously a good thing, but will probably not 
be the factor determining whether a dispatch- 
ing rule is better than another. 

When the operations routing is complex, as 
is the case in job shops with assembly oper- 
ations, the operations sequence network begins 
to resemble the PERT-networks used for plan- 
ning and controlling large projects. The oper- 
ations sequence network can also be subjected 
to CPM time analysis, the critical path of the 
network can be identified, and the float of the 
various Operations computed. The operation 
float is, of course, job status information which 
can be up-dated and used for assigning a prior- 
ity to an operation. The effect will be to give 
preference to operations on the critical path. 
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As the job progresses, the float and also the 
critical path can change and the ‘tension’ on 
operations that were previously critical is 
reduced. This will be very useful when some 
part operation cannot be started because the 
appropriate tools or materials are not avail- 
able. The use of float in deciding priority will 
tend to remove the ‘pressure’ on related parts 
in other centres. 

The use of operation float in priority dis- 
patching rules appears to have remained 
largely unexplored. The hypothesis of this 
paper is that all priority rules involving oper- 
ation slack can be improved by adding the op- 
eration float to the slack. It is also held that 
operation float is a useful dispatching rule in 
itself. The float is the priority rule number 10 
(see Table 1). The float is, of course, zero for 
operations on the critical path. Maxwell used a 
simpler version of the float rule (rule number 
8), but only evaluated it when the part entered 
the queue. In his job shop approximately 95% 
of the flow time was queueing time, while the 
operation time was only 5%. This suggests that 
the value of float information in Maxwell’s 
study must have been greatly reduced. In fact, 
he discarded this rule in the early stages of his 
work. 

To test the hypothesis of this paper a job 
shop similar to the one used by Maxwell is 
simulated with the following modifications: 


(a) The number of parts per job is allowed to 
vary. 


(b) The final assembly operation is included. 


(c) The average number of operations per part 
was reduced from nine to five. 


(d) Random delays are allowed to occur. 


(e) The actual operation time will be a random 
variable with mean equal to the estimated 
(standard) time. 


It is unlikely that any real world job shop 
would completely fit the one simulated. How- 
ever, the hypothesis is one of principles, and 
the job shop used to test it should be of the 
‘model type’ with sufficient symmetry so that 
the results can form a useful starting point for 
a real world job shop application. 
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JOBS SIMULATED AND THEIR 
CHARACTERISTICS 


(1) A job consists of 2 to 6 parts, the exact 
number will be a random variable from: 
fix) = 1/5, x = 2, 3, 4, 5, 6& Parts are 
unique to the particular job and cannot be 
used on another job. 


(2) A job wiil be completed when all the parts 
have been assembled into one unit. The 
assembly standard (estimated) time will be 
15n time units, where n is the number of 
parts. Assembly cannot begin until all the 
parts required for that job have been com- 
pleted. The actual assembly time will be 
Normally distributed with coefficient of 
variation equal to 0.2. 


(3) The job due-date will be 1 to 3 times the 
total standard (estimated) processing time 
for the most time consuming part plus stan- 
dard job assembly time, i.e. the length of 
the critical path in the job network (T). The 
current time, CLOCK, is added to obtain 
the date when the job is _ required: 
T(2x + 2) + CLOCK, x is a rectangular 
0-1 random variable. The average job shop 
load is not taken into account. 


A part is an individual entity requiring 2 to 
6 operations in different machine centres. 
The actual number will be a random vari- 
able from: f(x) = 1/5, x = 2, 3, 4, 5 and 6. 
The standard (estimated) operation time in 
any part manufacturing centre will be a 
random variable from: f(x) = 1/18, x = 7, 
8, 9...23, 24. The actual operation time 
will have a Normal distribution with coeffi- 
cient of variation equal to 0.2. Transporta- 
tion times between centres are assumed to 
be negligible, once an operation is started it 
must be completed, and the next operation 
cannot start until the current operation is 
complete. 


(5) Two shops will be simulated, a job shop 
and a flow shop. Both shops have six parts 
manufacturing centre plus a final assembly 
centre. The routing for the job shop will be 
completely random; part operations will be 
assigned at random to different centres. In 
the flow shop the centres are again assigned 
at random, but are then re-arranged such 
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that the part flows throught the shop, ie. 
operations in centre | when required will 
always occur before operations in centre 2, 
etc. Typical operations sequence networks 
are shown in Fig. 1. 


(6) It is assumed that a real time information 


collecting system exists, and that operations 
completed together with the start time of 
the last operation are reported to a central 
processing point. This, of course, is not 
necessary when the operation priority selec- 
tion rule does not require job status infor- 
mation. All the information required by the 
dispatching priority rule is updated when- 
ever an operation selection is made. 


(7) The time between the release of jobs to the 


shop will be negative exponential, and inde- 
pendent of the number of jobs currently in 
the shop. The standard times specified in 
points 2 and 4 imply that the job shop load 
is evenly distributed through the centres, i.e. 


no bottlenecks. It is also assumed that each 
centre has only one machine, and the 
assembly centre has only one crew. 


(8) Random delays are allowed to occur, and 


each job will have a probability of 0.25 of 
incurring it. The delay time will be equal to 
the average of the total job processing time. 
The random delays are effected by inserting 
a dummy operation and routing the part 
through a dummy centre in which there are 
an infinite number of machines. These 
delays are not due to machine failures, but 
may be due to lack of appropriate tools 
and/or materials. The machine goes on with 
another operation if one is available. 


(9) Four measures of performance are used. 


First, the average part shop through-put 
time. This will be the time between the 
completion of the last operation (assembly) 
and the start time of first operation. 
Second, is the average job flow time, this 


MT) 


Fic. 1. Network of typical operation sequence. A. Network showing the operations sequence for a 

four part job in the job shop with six parts manufacturing centres plus one assembly centre. . 

B. Corresponding job in flow shop. (The figures on top of the arrows are the centre numbers and 
operations standard time respectively. Standard operation times are shown in brackets.) 
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being the time between job release and 
completion. The flow and through-put time 
are both measures of the amount of work in 
progress, and includes waiting time for ‘sis- 
ter’ parts required in the final assembly. 
The other two measures, mean-job tradi- 
ness and percentage of jobs late, relate to 
customer service. 


CONCLUDING DISCUSSION 


The results (see Tables 3, 4 and 5) support 
the hypothesis that the addition of operation 
float to operation slack improves the perform- 
ance of priority rules involving slack. This, of 
course, is in line with general experience in 
using large PERT networks, i.e. when resource 
availability is tight the resource should be allo- 
cated to critical activities first. All the measures 
of performance for the job shop (random rout- 
ing) are improved, both at the 80 and 90% 
shop loading. The improvement for the flow 
shop (flow routing) is not as much. The flow 
shop is a more robust situation, and job status 
information is useful in the forward direction 
only, while the job shop (random routing) can 
utilize job status information in both direction. 

The results also indicate that the value of 
float information increases with the percentage 
shop load. This is again in line with network 
planning experience of allocating resources to 
critical operations first. The improvements of 
SLACK + FLOAT over SLACK for the three 
measures of performance range from 3 to 5% 


(see Table 5). The complexity of the job struc- 
ture made simulation of shops loads over 90% 
unstable, and the hypothesis that the value of 
float information increases with load could not 
be rigorously tested. In reality the concept of a 
job shop with fixed capacity does not generally 
apply. Most job shops use overtime in varying 
amounts to cope with short term backlogs. 
Would the value of float information be even 
greater in these types of job shops? The intui- 
tive answer is yes. When comparing these 
results with Maxwell’s (Table 2) it should be 
remembered that in his study approx 95% of 
the flow time was waiting time; the corre- 
sponding figure in this study is 85%. Maxwell 
had more operations per part, and in his situ- 
ation the value of information on operations 
remaining would be worth more than informa- 
tion on times of remaining operations. It would 
thus seem reasonable to expect that as the 
number of operations per part increases, the 
priority rules based on slack divided by the 
number of operations remaining will improve 
relative to those rules based on slack only. An 
interesting experiment would be to use the 
slack divided by the number of operations 
remaining in the job rather than the part. 

The largest difference between average job 
flow time and part through-put time occurs for 
rules which are time dependent, i.e. rules which 
include SLACK. This suggests that the work in 
progress can be reduced by controlling the 
release of job parts and tying it to machine 
availability. If the priority rule is time depen- 


TABLE 3. RANDOM ROUTING 80% SHOP LOADING 





Mean job 
flow time 


Priority rule 


Mean part 
throughput 
time 


Mean job 
tardiness 


Percentage 
of jobs late 





SPT 

SLACK 

SLACK + FLOAT* 
SLACK/OPN-PN 

(SLACK + FLOAT)*/OPN-PN 
SLACK-SPT, —50t 

(SLACK + FLOAT)*-SPT, —50t 
NUJOB-SPT 

MAXRD-SPT 

FLOAT-SPT 


844 
513 
500 (3) 
550 
531 (4) 


787 
399 
391 (2) 
454 
436 (4) 


413 68 
147 68 
139 (6) 64 (6) 
175 73 
158 (11) 
202 

195 (4) 
132 
206 

166 


70 (4) 





The run-in period was sufficient to complete 200 parts. Performance statistics were collected on the next 2000 jobs (8000 


parts). 
Sample = 2000 jobs (8000 parts). 


Figures in brackets are the percentage reductions achieved by adding float. 


* The symbol + means an arithmetic addition. 
+ Optimum value of dividing line for mean job flow time. 
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TABLE 4. FLOW ROUTING 80% SHOP LOADING 





Mean job 
flow time 


Priority rule 


Mean part 
throughput Mean job 


tardiness 


Percentage 
of jobs late 





SPT 

SLACK 

SLACK + FLOAT* 
SLACK/OPN-PN 

(SLACK + FLOAT)*/OPN-PN 
SLACK-SPT, — 50+ 

(SLACK + FLOAT)*-SPY, —S0t 
NUJOB-SPT 

MAXRD-SPT 

FLOAT-SPT 


833 
522 
520 
556 
553 (1) 
624 
602 (4) 
517 
572 
536 





~ The run-in period was sufficient to complete 200 parts. Performance statistics were collected on the next 2000 jobs (8000 


parts). 
Sample = 2000 jobs (8000 parts). 


Figures in brackets are the percentage reductions achieved by adding float. 


* The symbol + means an arithmetic addition. 


+ Optimum value of dividing line for mean job flow time. 


dent, the release tends to become more orderly, 
whereas time independent rules such as SPT 
and NUJOB-SPT may require work on a part 
to start immediately even though the existing 
part queue on a machine may be very long. 
The two queues rule: SLACK-SPT, y, did 
not perform as well as expected. In this study, 
unlike Maxwell’s, the number of parts per job 
was variable. This made variations in work 
content per job quite large, minimum 48 time 
units and maximum 636 time units, and hence 
the proportion of operations in each of the two 
queues would vary considerably. For long 
periods this rule would effectively become SPT 
and its performance would deteriorate. An 
tteresting experiment would be to alter the 
dividing line between the two queues dynami- 


TABLE 5. 90% 


cally, so that the number of operations in each 
queue are in constant proportion. This could 
considerably improve the performance of this 
rule. 

The rules MAXRD-SPT and FLOAT-SPT 
have been grouped together since they both 
attempt to co-ordinate the completion time of 
parts required in the same job. They are also 
similar in concept. MAXRD-SPT is what may 
be termed the float on operations, i.e. it is the 
float rule when each operation is assumed to 
be of one time unit duration. As the number of 
Operations per part increases, information on 
operations completed will be of greater value, 
and it can be expected that MAXRD-SPT will 
perform better than FLOAT-SPT. It is also 
expected that as the length and number of 


SHOP LOADING 





Mean job 


Priority rule flow time 


Mean part 
throughput 
time 


Percentage 
of jobs late 


Mean job 
tardiness 





Random routing 
SLACK 

SLACK + FLOAT* 
NUJOB-SPT 
FLOAT-SPT 

Flow routing 
SLACK 

SLACK + FLOAT* 
NUJOB-SPT 
FLOAT-SPT 


494 
477 (3) 





The run-in period was sufficient to complete 200 parts. Performance statistics were collected on the next 3000 jobs. 


Sample = 3000 jobs (12000 parts). : 
* The symbol + means an arithmetic addition. 


Figures in brackets are the percentage reductions achieved by adding float. 
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delays increase, these two rules will not deter- 
iorate as much as the others. Both rules have 
the ability to convey information on the pro- 
gress of related parts to other centres, and thus 
reduce the effect of random delays. However, 
they are information intensive rules and 
require a real time information collecting sys- 
tem, which may prove uneconomical in some 
situations. 

The rule NUJOB-SPT, which performed 
well in Maxwell’s-study, gave the lowest values 
for mean job tardiness and percentage of jobs 
late and also gave low values for mean job flow 
time. This rule has similar properties to the 
SPT rule in the classical job shop studies. It 
gives very low priority to jobs with a large 
number of parts and gives high standard devi- 
ations for job flow time and job tardiness. The 
main and serious disadvantage of this rule is 
that it can only be applied to job shops with 
only one final assembly operation. It has no 
meaning when sub-assemblies are involved. 
The method used for setting job due-dates in 
this study, which involved only the length of 
the critical path, tended to favour jobs with 
fewer parts, and consequently favour the 


NUJOB-SPT rule. The setting of job due-dates 
in assembly shops presents an interesting prob- 


lem in itself. There are several factors to be 
considered including the length of the critical 
path, the work load per centre, even the total 
number of operations and the overall shop 
load. This rule also requires a real time infor- 
mation collecting system. It is the best per- 
former of all rules and would be chosen to run 
this type of shop. However, should the cost of 
the information system prove prohibitive, then 
the SLACK rule should be used. But certainly 
this conclusion could change if the number of 
Operations per part is increased and/or due- 
dates are set according to some other criterion. 
This conclusion holds for both flow and ran- 
dom routing. 

Work on priority dispatching rules which 
utilize job status information appears to have 
stopped for the last 10 years, ending with Max- 
well’s RAND report. The cost of collecting, 
processing, and distributing job status informa- 
tion did not appear to be worth the improve- 
ment. However, job progress information is 
now regarded as an essential part of running 
any production system. The importance of 
keeping customers informed on probable deli- 
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very dates and also the ability to assess work 
loads quickly so that realistic delivery dates 
can be quoted for new jobs has increased, par- 
alleling the growth of data processing equip- 
ment. Many computer production scheduling 
systems now utilize online equipment located 
almost next to the machines. And this has 
further opened this research area, which is 
potentially far more interesting and has wider 
applications than the classical single entity job 
shop studies. The work in this research area 
has, in fact, only scratched the surface of the 
problem. Certainly, many more rules can be 
devised. 

In the follow up to this work it is hoped to 
develop a general simulation program which 
can handle job shops with subassemblies at 
various levels. It is also hoped to simulate job 
shops where overtime is used when jobs fall 
behind expected delivery dates. 
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An Implementation of Visual Interactive 
Simulation Using a Microcomputer 


INTRODUCTION 


VISUAL INTERACTIVE SIMULATION (VISION) is a 
method by which a simulation model may be dynami- 
cally displayed (in an animated form) on a computer 
graphics screen or visual display unit(s) [4]. An end 
user (decision maker/manager) may watch a visual 
simulation model progress through time. He may inter- 
act with it in order to explore the consequence of alter- 
native decision strategies. The majority of practical ap- 
plications [1,2] employing this technique have used a 
mainframe computer (Burroughs B6700) linked directly 
to either black and white or intelligent colour visual 
display units. 

The original development of the visual interactive 
simulation technique [5] was carried out at Warwick 
University and used an Elliott 4100 computer linked to 
a refresh display computer graphics screen. The com- 
puter had a single programming executive. Models ran 
at an (almost) constant speed and the user had an 
‘instantaneous’ response to interactions. The power of 
the 4100 processor was such that models ran quickly; 
however, the practical disadvantage of the Elliott con- 
figuration was its non-portability. All decision makers 
had to visit Warwick. 

The use of the time sharing computer (B6700) over- 
came the portability difficulties because the computer 
terminals (VDUs) were linked remotely to the main- 
frame. This in turn has led to technical difficulties with 
the variability in the speed of running a visual model. 
The response time for interactions could be instanta- 
neous while on other occasions the response could 
easily be in excess of 20sec. Miller [7] suggests that 
variability of delay times, rather than their absolute 
value, is the more distressing factor to a user of an 
interactive system. 

The original development showed complex models 
would run sufficiently fast on a suitable, dedicated 
machine. This note describes the observations obtained 
from implementing visual interactive simulation on a 
dedicated micro-computer, while still retaining the flex- 
ibility of the mainframe approach. 


MICRO-VISION 


The hardware configuration for the implementation 
of MICRO-VISION consists of a colour visual display 
unit (ISC [6]) linked to a microcomputer system (Cro- 
menco [3] or North Star [8]). Both of these micros 
have suitable FORTRAN compliers. The terminal charac- 
teristics are :— 


(i) Programmable. The terminal has its own interface 
program so that only condensed display messages 
need be sent from the micro. The interface pro- 
gram also services any user generated interactions. 


(ii) Colour. The use of colour has significantly im- 
proved the quality of display. Elements of a display 
are colour coded to highlight exceptions, warning 
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conditions or aspects of the model which have 
exceeded control limits. 


Graphics. The terminal has low resolution 
graphics. (The screen may be considered as a 
192 x 160 matrix of small rectangles which are 
individually addressable with eight possible 
colours). Even this limited graphics facility im- 
proves the visual presentation of timeseries, histo- 
grams or other forms of descriptive statistics. 


EXPERIMENTS WITH A SAMPLE 
PROBLEM (COAL DEPOT EXAMPLE) 


The sample problem [4] was used to implement and 
investigate the feasibility of MICRO-VISION. 

The first main observation was the ease of the sample 
program development. The FORTRAN compiler was 
robust. Compilation and running times appeared to be 
constant. These facts, linked with the knowledge that 
the marginal cost of the microcomputer was virtually 
nil, significantly eased the problems of program devel- 
opment. 

The visual model, when running under its full spatial 
displays took 116 sec (elapsed time) to simulate 4hr cf 
coal depot operations. Corresponding times from the 
mainframe varied considerably, (from 136 to, 594 sec). 

The total program size uses 36K bytes of random 
access memory (RAM) of which 4 K are the actual pro- 
gram, 10K are reserved for data storage tables, while 
the remaining 22 K are the visual interactive simulation 
procedures. 

The main restriction to the approach is that most 
microcomputer systems (at the moment) are limited to 
64 K bytes. However, since the sample program only 
used 36K bytes there is room for considerable expan- 
sion of problem size. A second (temporary) restriction is 
that the current (floppy disc) storage medium, available 
on micros, is slow. It is not practical to overlay seg- 
ments of a program or segments of the system. 


CONCLUSION 


This paper describes an implementation of visual 
interactive simulation using a microcomputer. It is feas- 
ible to exaustively test a micro-based visual simulation 
model. This approach may then be integrated with the 
commercial and data processing systems of an organi- 
sation to form the basis of a personalised decision sup- 
port system. 
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A Hybrid Algorithm for Independent Task 
Parailel Machine Scheduling 


INTRODUCTION 


THE SCHEDULING problem for independent tasks on 
identical parallel machines, in order to minimize make- 
span, has been found to be difficult to solve. Thus enu- 
merative optimization or heuristic methods are 
required for solution. Bounds for this problem are 
likely to be weak, as no particular restrictions, such as 
precedences, exist, which could be ‘relaxed’ in order to 
create such a bound. A hybrid approach has, therefore, 
been adopted, utilizing heuristics to obtain as good a 
starting solution as possible before applying a branch- 
and-bound technique. The solution is developed in 
three stages: 


(a) an initial solution, obtained by longest processing 
time (LPT) list scheduling, which is considered the 
best heuristic [1] 


(b) an improved solution obtained by pairwise 
exchange of tasks between machines 


(c} an attempt to obtain optimality, by using a branch- 
and-bound algorithm 


Problem description 

A sets of n tasks, with processing times t{i = 1 
are to be scheduled on m identical processors, such that 
the maximum completion time 


Cmax = Max (C;) of any task is a minimum, say Cyrax- 


A lower bound (LB) to the problem is immediately 
given by: 


LB = max( max (1 (5 1)/m) for n>m 
i i=1 | 


LPT list scheduling [1] 
The algorithm may be stated as follows: 


(a) Initialization: 
Order tasks in descending order of f, 


(b) Scheduling—repeat until all tasks are scheduled: 
(i) Select next tasks in list 
(ii) Find processor with shortest task sequence 


(iii) Allocate task to this processor and add to the end 
of the processor sequence 


At the end of the scheduling, all processor sequences 
will be in LPT order. 

In order to improve the LPT schedule, pairs of tasks 
allocated to any two processors can be exchanged, as 
long as C,,,, can be decreased by such a change. 

For any two processors, with completion times C, 


and C;, such that C, > C;, two tasks of times f, and 1, 
respectively must be chosen such that 


C,; —t; +t, < C, (for C, to decrease) 
C, — t; + t; < C, (so that the new C, does not exceed 
the old C,) and therefore, 0 < t; — t3 < C, — Cp. 


In order to enable as many interchanges as possible, the 
processor with C,,,, at any stage of the algorithm 
should be compared with all other processors, starting 
from that with C,,,,, until no further interchanges can 
be made. This leads to the following algorithm: 

Scheduling—repeat until the longest sequence has 
been tested against all other sequences: 


(i) If the first time the algorithm is applied, or a pair- 
wise exchange has occurred, then rank (or rerank) 
processors by descending C,(r = | and 
select those two processors with C,,,, and C,,;,- 


If no pairwise exchange has occurred, then select 
the processor with the next smallest C, from the 
processor ranking (which still holds), to compare 
with the processor with C,,,,. 
Starting with the task at the head of the sequence 
of the longer processor, and the task at the end of 
the sequence of the shorter processor, scan along 
the sequences until a task pair is found such that 
O<t, —t, <C, —C. 


If such a pair is found, exchange the processor 
allocation (maintaining LPT order within each 
sequence), and adjust the values of C, and C, 


Note that the algorithm does not interfere with the 
original LPT ordering of the task set; it results in a 
(possible) change in the allocation of each task. 


Branch and bound 

Basically, the branching algorithm takes every task in 
turn, and reallocates it to an adjacent processor, in cyc- 
lic order, to try to reduce the value of C,,,,- The algor- 
ithm starts with the last task in the LPT list, and, after 
testing it against all processors, backtracks to the 
second task in the list. The last task, at each stage, is 
reallocated by LPT scheduling. The process continues 
up the LPT list of tasks, until a lower bound is reached 
or enumeration is exhausted. Redundancy is avoided by 
not allowing any task to head a sequence more than 
once at its level of branching (it may later head a 
sequence after a task higher in the LPT list is being 
reallocated). Enumeration is hopefully curtailed by a 
lower schedule bound at each allocation or reallocation 
of a task. 


Lower iteration bounds [3] 


An iteration bound is given by the longest sequence 
length at each iteration. It is clear that this bound is 
extremely weak, and is probably only effective for the 
last tasks on the list, or for a relatively large task time. 
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TABLE 1. TEST NETWORK STRUCTURES 





Z 


Description Tasks 


Mean time Range 


Variance coefficient 





Triangular 
Triangular 
Triangular 
Triangular 
Triangular 
Triangular 
Triangular 
Uniform 

Uniform 


Darel No. 3 
Darel No. 
Darel No. 
Darel No. 2 
Darel No. 
Darel No. 


CeO NYDN AWN— 


100-100 
80-120 
60-140 
40-160 
20-180 

1-199 
1-199 


1-50 

4-196 
17-137 
12-142 

8-136 
12-143 
13-140 
11-144 





A stronger bound can be determined as follows: 


(i) Let UB = current best known schedule length 
(upper bound) 
Wir) = current length of sequence r 
S = set of currently unallocated tasks 
V = set of those sequences for which 
Wir) + ti. min < UB 
(ii) Then, for any iteration, if 
¥ 4 > ¥ (UB — Wir) - 1) 
then the lower bound for such an iteration is at least 
UB, and the branch need not be developed further. 
This bound stems from the observation that if the 
sum of unallocated task lengths cannot fit into the sum 
of the remaining sequence lengths, of the set V, between 
W(r) and UB (to create a better solution), then at least 
that task with minimum duration t;_,,;, Will have to be 
allocated to a sequence where W(r) + t; > UB, thus 
exceeding the current upper bound. 


»min 


Characterizing the scheduling problem 


The scheduling problem has three a priori parame- 
ters—n, ri and {t;}. As scheduling on one machine leads 
to optimality in all cases, m — 1 will most likely 
characterize the processors. A suitable measure of the 
time profile of the task set is the coefficient of variation, 
equal to the ratio of the standard deviation to the mean 
time. More simply, it is given by the formula [2]: 


C? = (nd ey(Xt)? — 1. 


The larger the coefficient, the more non-uniform the 
task times. 


Test schedules 


The hybrid algorithm has been tested against three 
sets of schedules, described in Table 1. Each schedule 
was allocated to 2, 4, 6 and 8 processors, A maximum 
of 500,000 iterations (task reallocations) was allowed. 
Experimental results are summarized in Table 2. 


Comments on efficiency 
(a) The algorithm performance may be summarized 
as follows: 
LPT optimal 
Pairwise exchange optimal 
Branch-and-bound optimal 
Unsolved (or unproven) 
Total 


(b) The normalized ratio of the LPT schedule length 
to the lower bound is defined as Normalized 
value = (LPT length/Lower bound — 1)/(m — 1) and is 
given in Table 2. The values are seen to be a strong 
function of C,, and to be relatively independent of the 
number of processors or tasks. The average values are 
plotted against C, in Fig. 1, and are seen to reach a 
plateau for C, above 0.5. 

(c) The pairwise schedule, in those cases where opti- 
mization is not achieved, is seen to come within | time 
unit of the lower bound; only in four cases was the 
branch-and-bound algorithm able to improve upon the 
pairwise exchange solution. As the other cases did not 
lead to optimization, it has not been established 
whether the pairwise exchange solution is or is not 
optimal in these cases. 


TABLE 2. GENERAL EXPERIMENTAL RESULTS 





Lower LPI 
Processors bound length length 


Exchange Optimum 


Normalized 


LPT/lower Run time 


length Optimum step (sec) 





1250 1300 1300 
625 700 700 
417 500 
313 400 


1250 1290 
625 684 
417 480 
313 380 


LPT 
LPT 
LPT 
LPT 


Exchange 
Exchange 
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TABLE 2 —continued 





Normalized 
Lower LPT Exchange Optimum LPT/lower Run time 
No. Processors bound length length length Optimum step bound 





1250 1279 1250 1250 Exchange 0.023 
625 626 0.023 
417 418 0.021 
313 x 318 0.021 


1250 1250 Exchange 0.015 
625 
417 
313 


1250 (Manual) 
625 
417 
313 


1250 2 2 LPT 
625 62 Branch & Bound 
417 
313 


1250 Exchange 
625 
417 
313 


638 LPT 

319 K 5 Branch & Bound 
213 2 Branch & Bound 
160 Branch & Bound 


1250 
625 
417 
313 


1301 ; LPT 
Exchange 
Exchange 
Exchange 


Exchange 
Exchange 
Branch & Bound 


LPT 
‘Exchange 
Exchange 
Exchange 


LPT 

Exchange 
Exchange 
Exchange 


Exchange 
Exchange 
Exchange 
Exchange 


LPT 
Exchange 
Exchange 
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Fic. 1. LPT efficiency as a function of C,. 


(d) The branch-and-bound algorithm is seen to be 
ineffectual in those cases not solved in the previous 
steps; 5 out of 23 cases were solved. Despite its weak- 
ness, however, it should be noticed that with current 
computing power, it is possible to design an algorithm 
for an order of one million iterations, which would 
require about | minute of computer time. 


DISCUSSION 


Independent task problems are effectively character- 
ized by the coefficient of variance—describing the dis- 
tribution of task times—and the number of processors. 
The number of tasks does not seem to reflect the nature 
of the optimization problem. 

The initial LPT schedule is most efficient at high C,, 
values (around 0.6) and low numbers of processors; as 
the C,, decreases or the number of processors increases, 
the LPT schedule becomes less efficient. This probably 
implies that a better method should be sought for allo- 
cating unscheduled tasks in the branch-and-bound 
algorithm. 

Pairwise exchange is an effective method for improv- 
ing the initial schedule. It is worthwhile developing 
more powerful exchange methods—especially as the 
computing time is seen to be negligible for this step. 

The branch-and-bound algorithm, despite the sub- 
stantial reductions in iterations achieved, was not able 
to complete the enumeration within the iteration span 


allotted. On the other hand, such a method should be 
sought, as the solutions developed by exchange 
methods cannot be ‘proved’ to be optimal unless the 
value of the lower bound is achieved. As mentioned 
above, a better method of branching—not the use of 
LPT scheduling—and the fact that a large number of 
iterations is possible, could lead to an effective branch- 
and-bound step. 
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A Sequential Inventory Control Model 
with Seasonal Demand 


SYSTEM DESCRIPTION 


THE INVENTORY system analyzed in this study con- 
cerns a single substance for which the demand is 
seasonal [2] and for which shortage is extremely unde- 
sirable. The substance is purchased from a producer 
subject to supply, lead time and storage capacity cons- 
traints. As the seasonal variations of the demand are 
irregular and difficult to predict, it is necessary to 
coordinate the approximately steady supply with the 
extremely variable daily requirements through a buffer 
stock. Since shortage is extremely undesirable and the 
supply rate is limited, the distributor may need to pur- 
chase additional supply from speculatory sources with 
a very high cost. 

The purpose of this study is to develop an optimal 
inventory planning strategy to minimize the total 
expected procurement costs and the inventory holding 
cost during the seasonal cycle, without incurring 
shortage. 


MODEL CONSTRUCTION 


The time horizon of the model is divided into deci- 
sion periods, the durations of which may vary during 
the seasonal cycle depending on the expected demand 
and its variability. A known lead time between placing 
an order and obtaining the substance is assumed. The 
length of the lead time, |,(t), depends on the ordering 
period t and supplier n. 

The network representing the flows of substance dur- 
ing a single time period is shown in Fig. |. The follow- 
ing symbols are adopted. 


SUPPLIERS 
Producer. 


Speculatory 
Source | 


Speculatory 
Source 2 


Speculatory 
Source N 


* D(7)= actual demand during time period 7. 


C,(t) = unit variable cost of ordering from source 
n, during time period t. 
h(t) = cost to store a unit from period t to period 
t+ 1. 
I(t) = inventory level at the end of period ¢, after 
satisfying the requirements in period t. 
M = numbers of periods during the time hori- 
zon of the model. 
X(t) = quantity of the substance, ordered from 
source n, during time period t. 
Z(i) = total cost from period i + | to the horizon. 


Let P(i) be the problem of finding the optimal order- 
ing policy based on forecasts made during the end of 
time period i for future demands. This is a linear pro- 
gramming problem, assuming relevant costs are linear 
functions of the variables, formulated as follows: 


t=i+1 


M 
Min Z(i)= > Ib cans] + mont (1) 


Subject to the following constraints: 
(i) Availability limitations of sources. 


(ii) Material balance equations relating inventory and 
procurement variables [2]. 


(iii) Equation representing the initial inventory at the 
end of time period i. This has to be calculated at 
the end of time period i based on the actual 
demand during this period. 


CONSUMERS 
Storage at 
_Time Period 


Storage at Time 
Period (7-1) 


**X(7)=total quantity of substance , ordered from source n, such that it 
will be obtained during time period 7. 


Fic. 1. Network representing the flows of a substance during a single time period t. 
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Fic. 2. A ‘nature tree’ for three states of nature. 


(iv) Storage capacity limitations. 
(v) No shortage requirement. 
(vi) Non-negative procurement levels. 


The problem is to choose X,(t) to minimize the sum 
of procurement and inventory costs, over all periods 
succeeding to period i. The inventory holding cost is 
based on the ending inventory for a period [2]. Note: 
the variables X,(t) are considered only for periods t, for 
which t + I,(t) < M, apply. 


Description of a ‘nature tree’ 

The uncertainty of future demand is considered by 
defining some states of nature [5]. A state of nature 
represents the state of a season from a certain time 
period to the end of the seasonal cycle. Each state of 
nature has an estimated conditional probability of 
occurrence during each period within the seasonal 
cycle, given the states of nature which occurred during 
the previous periods. Probabilities for three states of 
nature are shown on a ‘nature tree’ given in Fig. 2. 

If the probabilities of occurrence of the states of 
nature at the beginning of the seasonal cycle do not 
depend on the ‘previous season, the ‘nature tree’ will 
start at a single node as shown in Fig. 2. In this case, 
the probability of occurrence of state of nature k is 
unconditional p(k). However, if the probabilities of 
occurrence do depend on the previous season, the 
nature tree will start at several nodes simultaneously. 

Let’s assume that at the end of time period 1, it was 
found that state of nature 2 occurred. Therefore, the 
probability of occurrence of state of nature k during 
future periods of the seasonal cycle is conditional, 
p(k|2(1)). In general, let k(t) be the state of nature that 
actually occurred during time period ¢. p(k|K(1), 

k(i)) is the conditional probability of occur- 
rence of state of nature k, as calculated during the end 
of period i, given that states of nature k(1), k(2),..., k(i) 
actually occurred during time period 1, 2,..., i, respect- 
ively. 

As an illustrative example, let’s consider forecasting 
the severity of next winter, at a certain geographical 


region, represented by heating degree days (DD) [3, 4]. 
The states of nature may be: (1) warm, (2) aver- 
age and (3) cold winters. Let the summer months be the 
first period in the seasonal cycle with each succeeding 
month representing an additional item period. The 
probability of occurrence of the states of nature can be 
estimated based on past data. The following probabili- 
ties can be calculated for k = {warm winter, average 
winter, cold winter}: 


p(k) = probability of occurrence of 
state of nature k. 
p(k|k (November)) = conditional probability of 
occurrence of state of nature k, 
for the months December to 
May, given the state of nature 
that actually occurred during 
November, and knowing the 
DD by month during previous 
years. 


Additional conditional probabilities can be calculated 
as time passes on. 


The inventory planning strategy 

Let’s assume that the demand for the substance can 
be estimated for each period with a known state of 
nature. The expected demand during a period t > i is 


D(i,t) = ¥° p(k | k(1), k(2)...., k(i) Dk, i, t). (2) 
k 


Where: D(k, i,t) is the demand for the substance during 
time period t, which was forecasted during the end of 
time period i, i < t, assuming state of nature k will occur. 
For i = 0 we get 


D(0, t) = ¥ plk) D(k, 0, t) (3) 
k 


The ordering strategy is to solve problem P(0) with 
the expected demand D(0,t) [1], and to update future 
ordering policies by solving problems P(i) for 
i= 1,2...,M —1, with the expected demand D(i, t), 
taking into consideration orders placed during time 
periods preceding i. 
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TABLE 1. DEMAND FOR THE SUBSTANCE 





Period 2 4 





Average demand 5 
Maximal demand 7 
Actual demand 5 





An illustrative example 


Let’s consider a seasonal cycle of 5 periods for a 
substance which can be purchased from a producer and 
from a single speculatory source for a very high price. A 
lead time of one period is assumed for both suppliers. 
Let’s also assume the producer can supply a maximum 
of 6 units of the substance per time period. The specula- 
tory source has no supply limit for practical consider- 
ation. Additional assumptions are: inventory holding 
cost is small compared to purchasing cost, storage 
capacity is large and does not affect the problem. The 


Demand i2 
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initial inventory is /(0) = 3, desired ending inventory is 
1(5) = 3. 

A summary of actual demand by period as well as 
average and maximal possible demand are given in 
Table 1. The average and maximal demand by period 
are calculated based on previous seasons. 

The proposed inventory planning strategy starts by 
solving problem P(0), based on expected demand D(0,t), 
calculated during the beginning of time period |. These 
demands and the solution to problem P(0) are given in 
Fig. 3. The notations X(t,t + 1) and Y(t,t + 1) used in 
Fig. 3 stand for the quantities of substance ordered 
during time period t from the producer and speculatory 
source, respectively, and to be obtained during time 
period t + 1. X*(1, 2) and Y* (1, 2) are distinguished by 
* to symbolize that these are actual orders placed dur- 
ing time period |, and therefore should be honored. 

The solution to problem P(1), calculated based on 
updated demand D(1,t), is given in Fig. 4. D(1,t) were 
calculated during the end of period 1, taking into con- 
sideration period 1's state of nature and data for pre- 


D(0,3)=9 





D(0,2)=5 





7 x #(1,2)6 
D(0,1)=2_|Y*(1,2)=0 





H(O)=3 = {T(i)=1 











X(2,3)=6 |X(3,4¥6 
Y¥(2,3)=1 


I(2)=2 


D(0,4)=7 





Y(3,451 


D(0,5)=3 





X(4,5)=6 
Y¥(4,5)=0 


U3)s0  |1(4)=0 














Period | Period 2 


Period 3 


Period 4 Period 5 


Fic. 3. Solution of Problem P(0) for an illustrative example. 
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X "(2,36 [X(3,4)=6 
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D(1,5) =4 





X(4,5)=6 
¥(4,5)= | 
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Fic. 4. Solution of problem P(1) for an illustrative example. 
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TABLE 2. A COMPARISON OF THE PROPOSED STRATEGIES TO TWO OTHER STRATEGIES 





Proposed 
planning 
strategy 


Planning based 
on maximal 
demand 


Planning based on 
average demand 





Total number of units purchased 
from the speculatory source 


Shortage 


Deviation from desired 
ending inventory 


5 


1 unit during periods 
2 & 3 respectively 





vious seasons. The actual demand D(1) during time 
period | is also given in Fig. 4. New actual orders 
resulting from the solution P(l), are X* (2,3) and 
Y* (2,3). Note that orders placed during period 1, 
which were calculated solving problem P(0), are 
honored. 

The solution to problem P(2), calculated based on 
updated demand D(2 1), is given in Fig. 5. These were 
calculated based on the actual demand during period 2 
which is 5 units. Resulting ordering policies during the 
first three periods are: X*(1,2)=6; Y*(1,2) = 0; 
X*(2, 3) = 6; Y*(2, 3) = 5; X*(3, 4) = 6, and 
Y*(3, 4) = 0. Ordering policies for period 4 can be cal- 
culated by solving problem P(4). 

The proposed planning strategy was compared with: 
planning based on (1) maximal, (2) average demand, 
calculated based on previous seasons. The results are 
summarized in Table 2. 

Planning orders based on average demand can cause 
undesirable shortages. Planning based on maximal 
demand requires purchase of more expensive units from 
the speculatory source, compared with purchases 
resulting from use of the proposed planning strategy. 


Biasing the expected demand 

Previously we solved problem P(0) at the beginning 
of time period | with expected demand D(0,t) calcu- 
lated based on demand by period for previous seasons. 
Eventually, demand may vary from the average. Order- 


Demand 


ing decisions made during period |, based on the solu- 
tion to problem P(0), will effect future ordering policies. 
Developing ordering policies at the beginning of time 
period 1, based on expected demand D(0, rt), may cause 
the eventual need to purchase higher quantities from 
speculatory sources, relative to ordering policies devel- 
oped based on certain biased expected demand. 

Let’s solve problem P(0) with an expected demand 
D(0, t) plus a bias, b. Resulting ordering policies during 
time period | will be X°® (1). Now, assume state of 
nature k actually will occur. Solving problem P(1), con- 
sidering the results obtained by solving problem P(0), 
will produce the following ordering policy during time 
period 2: X°, (2). 

The preferred bias b* will be that value of b which 
will minimize total expected purchasing cost, EC(b), of 
the substance ordered during the first two periods from 
speculatory sources. Speculatory sources are repre- 
sented by all values of index n exclusive n = 1. 


EC(b) = ¥ C,(A)XR1) + ¥ pk) Y Cy(2)X nx (2). (4) 


n#l k n#l 


The preferred bias b* can be found by calculating X° (1) 
and X°, (2) for a proposed set of values assigned to b, 
and selecting the one which will minimize EC(b). 

Biasing expected demand D(i,t) for i > 1 will have a 
decreasing effect as i is increased, resulting from know- 
ing the state of nature during periods 1, 2,..., i, and 
due to honoring orders during those time periods. 
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Fic. 5. Solution of problem P(2) for an illustrative example. 
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CONCLUSIONS 


The sequential adaptive approach for optimal order- 
ing policies developed in this study will improve inven- 
tory control of substances with seasonal demand. It was 
shown that it is necessary to update the forecasts in 
order to obtain a good estimate of future demand. 
Therefore, optimal ordering policies should be re-calcu- 
lated for future time periods at each computational 
stage of the model, honoring orders placed at previous 
time periods. 

In many cases, demand for certain substances is 
affected by the weather condition. The seasonal cycle in 
these cases will be | year, and state of nature could be 
grades of weather conditions severity. 

This model is particularly useful for fuels such as 
natural gas and oil. 
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ANNOUNCEMENTS 


CALL FOR PAPERS IN FINANCIAL 
CORPORATE MODELLING 


A new volume in the series TIMS STUDIES IN THE MANAGE- 
MENT SCIENCES is being prepared on Advances in Financial Corporate 
Modelling. The Editor will be Professor Samuel Eilon of Imperial College 
London. 

Consideration will be given to papers which centre on 

—review of the state of the art 

—practical applications and case studies 

—analysis of alternative approaches to given problems 

—critique on current theories and models 

—new theoretical developments and the circumstances in practice to which 

they could apply 

Papers are invited in any of the areas that impinge on financial corporate 
planning and evaluation, including: financial performance and profitability 
analysis, investment appraisal, risk, credit worthiness, leasing, cash manage- 
ment, corporate tax models, capital budgeting, cost of capital, foreign 
exchange exposure, mergers and acquisitions, dividend policy, financial ratios 
analysis etc. 

All papers will be refereed. Authors should submit three copies of the 
complete manuscript (maximum 20 pages, double-spaced typing, presented 
according to Management Science specifications) by Ist January 1981 to: 


Professor Samuel Eilon 

Department of Management Science 
Imperial College 

Exhibition Road 

London SW7 2BX 

U.K. 





TSMS CALL FOR PAPERS ON OPTIMIZATION 
IN STATISTICS 


The TIMS Studies in the Management Sciences is now preparing a new 
volume devoted to Optimization in Statistics. Editors will be Stelios H Zanakis 
of the WV College of Graduate Studies and JS Rustagi of The Ohio State 
University. 

The volume will include review as well as original papers in the field of 
Optimization as utilized in Statistical problems arising in OR/MS/IE. Devel- 
opment of new and intelligent application or comparison of existing optimiza- 
tion algorithms to important statistical problems are of particular interest. 
Articles will be grouped in separate sections on Numerical Methods, Linear/ 





Announcements 


Integer/Nonlinear/Dynamic Programming, Miultiobjective Optimization, 
Variational and Stochastic Approximation Methods, Applications. 

Articles will be subject to a refereeing process as in Management Science. 
Authors wishing to have a paper considered for publication in this collection, 
should submit four copies of the completed manuscript (max. 20 double- 
spaced pages typed according to Management Science specifications) by 
October 1, 1980 to Dr SH Zanakis, West Virgina College of Graduate Studies, 
IE/OR Program, Institute, WV 25112 or Dr JS Rustagi, The Ohio State 
University, Statistics Department, Columbus, OH 43210, USA. 
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Aphorisms and Assertions—True or False? 


Profit, or material gain, is attainable only by construction or 
discovery; not by exchange. Whenever material gain follows 
exchange, for every plus there is a precisely equal minus. 

John Ruskin 


Few trends could so thoroughly undermine the very foundations 
of our free society, as the acceptance by corporate officials of a 
social responsibility other than to make as much money for 
their stockholders as possible. 

Milton Friedman 


Even in the most capitalist of societies there are limits on the 
quest for profits which are imposed by the general ideals of the 
businessman’s role, and the ‘pure’ profits maximizer, where he 
exists, pays for his profits heavily in terms of social disapproval. 
Kenneth E Boulding 


The problem of any business is not the maximisation of profit 
but the achievement of sufficient profit to cover the risks of 
economic activity and thus to avoid loss.... The profit motive 
and its offspring, maximisation of profits, are irrelevant to the 
function of a business, the purpose of a business and the job of 
managing a business. In fact, the concept is worse than irrel- 
evant. It does harm. 

Peter F Drucker 


Profit measures the net effectiveness of soundness of a business’s 
efforts. It is indeed the ultimate test of business performances. 
... It is the ‘risk premium’ that covers the costs of staying in 
business. 

Peter F Drucker 


If we make losses, we go out of business; if our profits are too 
low, we cannot expand and improve our products. 
Sir Frederick Catherwood 
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Editorial 


The businessman is always in a position of taking calculated 
risks, of deciding how difficult a given decision will be to carry 
out. If he is too safe and conservative, and refuses to innovate, to 
invest enough in research or product development or advertis- 
ing, he is likely to lose out to a more aggressive competitor. On 
the other hand, if he invests too much, or overextends himself, 
he is also likely to lose out. 


DC McClelland 
Profit making is an exploitive ethic. 
Profit is simply an entry in a payoff matrix in a zero-sum game. 


So far as the practical and immediate administration of the 
matter is regarded, the best labour always has been, and is, as all 
labour ought to be, paid by an invariable standard. 

John Ruskin 


The art of becoming rich...is the art of establishing the maxi- 
mum inequality in our own favour. 


John Ruskin 


If you are not in business for fun or profit, what the hell are you 


doing here? 
Robert Townsend 


Men are proud of their great deeds, though these are more 
frequently the result of chance than of a grand design. 
The Duc de la Rochefoucauld 


A clever man will know how to range his interests, and will 
pursue each according to its merits. Our greed, however, will 
often confuse our method; for we run after so many things at 
once that we frequently miss what is of importance in pursuit of 
what is negligible. 


The Duc de la Rochefoucauld 


The world bestows its prizes more often upon the semblance of 
merit than upon merit itself. 


The Duc de la Rochefoucauld 


Our wits are better employed in helping us endure present mis- 
fortunes than in anticipating those that may yet be to come. 
The Duc de la Rochefoucauld 
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Satisfaction derives from tasting, not from the dish tasted; hap- 
piness comes of having what we like, not in owning what others 
find desirable. 


The Duc de la Rochefoucauld 


To manage a business is to balance a variety of needs and goals. 
This requires judgement. 


Peter F Drucker 


There are no formulas for making decisions on managed expen- 
ditures. They must always be based on judgement and are 
almost always a compromise. 


Peter F Drucker 


Most of today’s lively discussion of management by objectives is 
concerned with the search for the one right objective. This 
search is not only likely to be as unproductive as the quest for 
the philosophers’ stone; it is certain to do harm and to 


misdirect. 
Peter F Drucker 


Managing implies responsibility for attempting to shape the 
economic environment, for planning, initiating and carrying 
through changes in that economic environment, for constantly 
pushing back the limitations of economic circumstances on the 
enterprise’s freedom of action. 

Peter F Drucker 


There is only one valid definition of business purpose: to create 
a customer.... Because it is its purpose to create a customer, 
any business enterprise has two—and only these two—basic 
functions: marketing and innovation. 

Peter F Drucker 


It is the first duty of a business to survive. The guiding principle 
of business economics, in other words, is not the maximisation 
of profits; it is the avoidance of loss. 


Peter F Drucker 


The ultimate test of management is business performance. 
Achievement rather than knowledge remains, of necessity, both 
proof and aim. 


Peter F Drucker 


Many are stubborn in pursuit of the path they have chosen, few 
in pursuit of the goal. 


Friedrich Wilhelm Nietzsche 





Editorial 


Not every end is a goal. The end of a melody is not its goal; 
however, if the melody has not reached its end, it would also not 
have reached its goal. A parable. 


Friedrich Wilhelm Nietzsche 


We succeed in enterprises which demand the positive qualities 
we possess, but we excel in those which can also make use of our 
defects. 


Alexis de Tocqueville 


To measure up to all that is demanded of him, a man must 
overestimate his capacities. 


Johann Wolfgang von Goethe 


A pessimist is a man who has been compelled to live with an 
optimist. 
E Hubbard 


No firm is dominated by the objective of maximizing physical 
output relative to physical inputs. 


Bela Gold 


Management seeks not to maximize performance within each 
subsector of operations, but rather to effect the best combina- 
tion of such component performances. 


Bela Gold 


One cannot fix goals until at least the means to be employed in 
pursuing them have been considered. 


Russell Ackoff 


The art of management has been defined, as knowing exactly 
what you want men to do, and then seeing that they do it in the 
best and cheapest way. 


FW Taylor 


What the workmen want from their employers beyond anything 
else is high wages, and what employers want from their work- 
men most of all is a low labour cost of manufacture. 


FW Taylor 


Economic man deals with the ‘real world’ in all its complexity. 
Administrative man recognizes that the world he perceives is a 
drastically simplified model of the buzzing, blooming confusion 
that constitutes the real world. 


Herbert A Simon 
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It is doubtful whether decisions are generally directed toward 
achieving a goal. It is easier, and clearer, to view decisions as 
being concerned with discovering courses of action that satisfy a 
whole set of constraints. 


Herbert A Simon 


I do not apologize for extrapolating beyond our present certain 
knowledge. 


Herbert A Simon 


There is no reason to expect that a man who has acquired a 
fairly high level of personal skill in decision-making activity will 
have a correspondingly high skill in designing efficient decision- 
making systems. 

Herbert A Simon 


The central concern of administrative theory is with the bound- 
ary between the rational and the non-rational aspects of human 
social behavior. Administrative theory is peculiarly the theory of 
intended and bounded rationality—the behavior of human 
beings who satisfice because they have not the wits to maximize. 
Herbert A Simon 


Programming sticks upon the shoals 

Of incommensurate multiple goals 

And where the tops are no one knows 

When all our peaks become plateaus 

The top is anything we think 

When measuring makes the mountain shrink. 


The upshot, we cannot tailor 
Policy by a single scalar, 
Unless we know the priceless price 
Of Honor, Justice, Pride and Vice. 
This means a crisis is arising 
For simple-minded maximizing. 
Kenneth E Boulding 


Hirschman and Lindblom see in political adjustment and strife 
analogues to self-interested yet socially useful adjustment in the 
market. 


Albert O Hirschman 
Charles E Lindblom 


All objectives are subjective. 





Editorial 


No man ever knew, or can know, what will be the ultimate 
result to himself, or to others, of any given line of conduct. 
John Ruskin 


Evaluation of performance can only be done against prede- 
termined targets and yardsticks (or: unless you know where you 
are going, how will you know when you have arrived?). 

SE 


Standards are almost invariably determined on the basis of past 
performances. 


SE 


There is no fundamental difference between objectives and con- 
straints. 


SE 


Objectives tend to become tighter and more demanding with 
time. 


SE 


It is not uncommon for firms to assume, even implicitly, that 
there will always be enough raw material and other required 
supplies at an acceptable price. 

Russell Ackoff 


Feigned simplicity is a delicate deception. 
Duc de la Rochefoucauld 


When you can measure what you are speaking about and 
express it in numbers, you know something about it; but when 
you cannot measure it, when you cannot express it in numbers, 
your knowledge is of a meagre and unsatisfactory kind. 

Lord Kelvin 


The principle of determinism: Every social phenomenon is the 
result of definite and ascertainable causes. 


L Urwick 


Adaptation is a response to a change (stimulus) that actually or 
potentially reduces the efficiency of a system’s behavior, a re- 
sponse which prevents that reduction from recurring. 


Russell Ackoff 


The value of a thing is independent of opinion, and of quantity. 
John Ruskin 
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One pound is worth more to a poor man than to a rich man. 
The Roskill Commission 
on the Third London 
Airport 


Few if any concepts employed in social science are fraught with 
so many difficulties as is the concept ‘rationality’. 
Stanley H Udy, Jr 


Typically, the social scientist offends those he studies by de- 
scribing deviations, either from some formal or informal rule, or 
from a strongly held idea. 

HS Becker 


The biggest practical problem about the environment centres on 
forecasting sales volumes and competitors’ prices and to a lesser 
extent on availabilities and the prices of resources. 

KD Tocher 


The arguments against utility theory are so obvious that they 
are rarely aired. The concept has such a deceptive attraction for 
the naive, that it is as well to re-rehearse the fallacies of this 
pseudo-scientific concept and that of subjective probability at 
regular intervals. 

KD Tocher 


No model is a perfect predictor of system behaviour. 
KD Tocher 


Formal organization makes power relatively liquid by trans- 
forming the potential power of financial resources, which are 
inherently liquid, into actual power over employees dependent 
on their incomes, and by vesting this power in the form of 
institutionalized authority in official positions. 


Peter M Blau 


Tremendous power is concentrated in the hands of top execu- 
tives of giant organizations, owing to the liquidity of organiz- 
ational power. 


Peter M Blau 


There is an economy of scale which enables larger organizations 
to get along with a proportionately smaller administrative staff. 
Peter M Blau 





Editorial 


On the average, (log; ,) size accounts for more than two-fifths of 
the variation in functional divisions, and more than half of the 
variation in occupational specialization. 


Peter M Blau 


Participation is one of the most misunderstood ideas that have 
emerged from the field of human relations. 


D McGregor 


The power of man over man is the brute fact of political experi- 
ence. 


Richard H McCleery 


Power is an actor’s ability to induce or influence another actor 
to carry out his directives or any other norms he suggests. 
Amitai Etzioni 


Men with a strong need for power will usually attempt to 
influence others directly. 
George H Litwin 
Robert A Stringer 


Whether a man is burdened by power or enjoys power; whether 
he is trapped by responsibility or made free by it; whether he is 
moved by other people and outer forces or moves them—this is 
the essence of leadership. 


Theodore H White 


The valence of an outcome to a person is a monotonically 
increasing function of the algebraic sum of the products of the 
valences of all other outcomes and his conceptions of its instru- 
mentality for the attainment of these other outcomes. 


VH Vroom 


A leader tends to dominate his subordinates; yet good managers 
are urged to delegate and plan for succession. A dichotomy. 


The idea that the successful executive is a good judge of men has 
been exploded experimentally on more than one occasion. 


L Urwick 


The day-by-day behavior of the immediate superior and of other 
significant people in the managerial organization communicates 
something about their assumptions concerning management 
which is of fundamental significance. 

D McGregor 
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Power corrupts; checks and balances are needed to control it. 
SE 


No system or scheme of management should be considered 
which does not in the long run give satisfaction to both 
employer and employee. 

FW Taylor 


The possibility of coupling high wages with a low labor cost 
rests mainly upon the enormous difference between the amount 
of work which a first-class man can do under favorable circum- 
stances and the work which is actually done by the average man. 

FW Taylor 


First-class men are not only willing but glad to work at their 
maximum speed, providing they are paid from 30 to 100% more 
than the average of their trade. 


FW Taylor 


No one would think of using a fine trotter to draw a grocery 
wagon nor a Percheron to do the work of a little mule. ... Each 
workman should be given as far as possible the highest grade of 
work for which his ability and physique fit him. 

FW Taylor 


The common tendency to ‘take it easy’ is greatly increased by 
bringing a number of men together on similar work and at a 
uniform standard rate of pay by the day. 


FW Taylor 


The feeling of antagonism under the ordinary piece work system 
becomes in many cases so marked on the part of the men that 
any proposition made by their employers, however reasonable, 
is looked upon with suspicion. 

FW Taylor 


A man cannot be too careful in the choice of his enemies. 
Oscar Wilde 


Personal ambition always has been and will remain a more 
powerful incentive to exertion than a desire for the general wel- 
fare. 

FW Taylor 


For each job there is the quickest time in which it can be done 
by a first-class man. 
FW Taylor 





Editorial 


Charles Babbage and Frederick Taylor will have to be made, 
retroactively, charter members of the operations research 
societies. 


Herbert A Simon 


The 9-9 theory is a synergistic theory of behavior. 
RR Blake 
JS Mouton 


Work is of two kinds: first, altering the position of matter at or 
near the earth’s surface relative to other such matter; second, 
telling other people to do so. The first kind is unpleasant and ill 
paid; the second is pleasant and highly paid. 


Bertrand Russell 


People seldom seek complete satisfaction of their needs. They 
tend to try for goals which are adequate or good enough, rather 
than the best of all possible goals. 


HJ Leavitt 


What a man can be, he must be. This need we may call self- 
actualization. 


AH Maslow 


It is quite true that man lives by bread alone—when there is no 
bread. 


AH Maslow 


Man is a wanting animal. 
AH Maslow 


Self-actualization for all is a myth. 
SE 


The average human being learns, under proper conditions, not 
only to accept but to seek responsibility. 


D McGregor 


Extrinsic rewards and punishments are the obvious and appro- 
priate form to be utilized in controlling organized human effort. 
D McGregor 


Social cohesion depends on basic equality of status. 
Peter M Blau 


Social cohesion is no guaranty against anxiety in a bureaucracy. 
Peter M Blau 
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Employment security engenders the psychological freedom of 
action that enables individuals to initiate adjustments, but it 
does not guarantee that these will further the objectives of the 
agency. Indeed, tenure may lead to private adaptations that are 
detrimental to the interest of the organization. 


Peter M Blau 


Work has significant positive meanings to persons who do not 
find overall satisfaction in their immediate job. 
Robert Blauner 


Most people ‘belong’ because of the goals they feel the clubs 
serve rather than from any hope of material gain or because 
they enjoy the sociability the clubs provide. 

James Q Wilson 


Administration assumes a power hierarchy. Without a clear 
ordering of higher and lower rank, in which the higher rank 
have more power than the lower, and hence can control and 
coordinate the latter’s activities, the basic principle of adminis- 
tration is violated. 

Amitai Etzioni 


The proper reward of the good workman is to be ‘chosen’. 
John Ruskin 


The false, unnatural, and destructive system is when the bad 
workman is allowed to offer his work at half-price, and either 
take the place of the good, or force him by his competition to 
work for an inadequate sum. 

John Ruskin 


The quantity of its money, which the country at present invests 
in scribbling is not, in the outcome of it, economically spent. 
John Ruskin 


If there be any one point insisted on throughout my works more 
frequently than another, that one point is the impossibility of 
Equality. 

John Ruskin 





Editorial 


103. On the role of five ‘great intellectual professions’ in a civilized 
nation: 
The soldier’s profession is to defend it. 
The Pastor’s to teach it. 
The Physician’s to keep it in health. 
The Lawyer’s to enforce justice in it. 
The Merchant’s to provide for it. 
John Ruskin 


Man’s behaviour is often dictated by his role and not only by his 
personality. 
SE 


How do you know whether people are happy in their jobs? You 
ask them. 


Authority means the probability that a specific command will be 
obeyed. Such obedience may feed on diverse motives. 
Max Weber 


Legal authority rests on enactment; its pure type is best repre- 
sented by bureaucracy. 


Max Weber 


In large organizations, deviations from the formal system tend 
to become institutionalized, so that ‘unwritten laws’ and infor- 
mal associations are established. ... The informal patterns (such 
as cliques) arise spontaneously, are based on personal relation- 
ships, and are usually directed to the control of some specific 
situation. 


Philip Selznick 


Like any social system, an organization is conceived as having a 
describable structure. 


Talcott Parsons 


Most bureaucratic offices involve the expectation of life-long 
tenure, in the absence of disturbing factors which may decrease 
the size of the organization. Bureaucracy maximizes vocational 
security. 


Robert K Merton 
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The bureaucratic structure exerts a constant pressure upon the 
official to be ‘methodical, prudent, disciplined’. If the bureauc- 
racy is to operate successfully, it must attain a high degree of 
reliability of behavior, an unusual degree of conformity with 
prescribed patterns of action. 

Robert K Merton 


There is no question that when the work to be done is at all 
complicated, a good organization with a poor plant will give 
better results than the best plant with a poor organization. 

FW Taylor 


Each man in the establishment, high or low, should daily have a 
clearly defined task laid out before him. This task should not in 
the least degree be vague or indefinite, but should be circum- 
scribed carefully and completely, and should not be easy to 
accomplish. 

FW Taylor 


One of the marked advantages of scientific management lies in 
its freedom from strikes. 
FW Taylor 


Decisions are programmed to the extent that they are repetitive 
and routine, to the extent that a definite procedure has been 
worked out for handling them so that they don’t have to be 
treated de novo each time they occur.... Decisions are nonpro- 
grammed to the extent that they are novel, constructed, and 
consequential.... A program is a detailed prescription or stra- 
tegy that governs the sequence of responses of a system to a 
complex task environment. 

Herbert A Simon 


No meaningful line can be drawn any more to demarcate oper- 
ations research from scientific management or scientific manage- 
ment from management science. 


Herbert A Simon 


In the analysis of complex organizations the definition of organ- 
izational goals is commonly utilized as a standard for appraising 
organizational performance. 
James D Thompson 
William J McEwan 





Editorial 


It is possible to conceive of a continuum of organizational 
power in environmental relations, ranging from the organization 
that dominates its environmental relations to one completely 
dominated by its environment. 
James D Thompson 
William J McEwan 


The question is how to create and use knowledge on a large 
scale, in organizations, without undermining them. 


Amitai Etzioni 


Any analysis of a goal-directed organization cannot be confined 
to things as they are, since the future state of affairs towards 
which the organization’s activities are oriented is very much a 
component of the contemporary organization. 

David L Sills 


Dissolution is not the only course of action open to an organiz- 


ation when its purposes are either achieved or become 
irrelevant. 


David L Sills 


One of the major sociological functions of organizational inde- 
pendence is to promote autonomy. 


Eugene Litwak 
Lydia F Hylton 


Organizations are planned social units, oriented to specific goals 
under relatively rational and self-conscious leadership. 
Amitai Etzioni 


The root of all constructive social relations is integrity. 
L Urwick 


In the art of administration we are as yet barely adolescent. 
L Urwick 


The ability to administer other people is a skill, an art. It is not 
just something a man is born with or born without—it is not 
just a body of knowledge. 


L Urwick 


Don’t guess; don’t decide without knowing why. Appreciate that 
the administrator has to prophesy. 


L Urwick 
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Duties are activities which the individual is required to perform 
by virtue of his membership in the organisation. Responsibility is 
accountability for the performance of duties. Power is the ability 
to get things done; it is a function of knowledge, skill and per- 
sonal qualities. Authority is the right to require action of others. 
L Urwick 


The example of Henry Ford and his conveyor assembly work 
has led a good many people to exaggerate the advantages of a 
very minute sub-division of processes. 


L Urwick 


If big men (in a hierarchy) are overwhelmed with detail it is 
always their own fault. 
Sir Ian Hamilton 


Responsibility should be accompanied by its corresponding 
measure of authority. 
FW Taylor 


Playing politics is a deplorable form of coercion. 
Mary Parker Follett 


All adults have a number of basic ‘virtues’ or ‘needs’ which can 
be thought of as values or outlets that channel and regulate the 
flow of potential energy. 
George H Litwin 
Robert A Stringer 


Organizational climate is a concept describing the subjective 
nature or quality of the organizational environment.... 
Affiliation-oriented climates appear to be appropriate in areas 
where the work requires building close relationships. 
George H Litwin 
Robert A Stringer 


A man that is busy and inquisitive is commonly envious. For 


envy is a gadding passion, and walketh the streets, and doth not 
keep at home. 


Francis Bacon 


It is not necessary to enter the black box to understand the 
nature of the function it performs. 


OME 8/3 Stafford Beer 





Editorial 


Variety—the measure of complexity, itself the STUFF of 
modern management—proliferates. 
Stafford Beer 


The first principle of organization: Managerial, operational and 
environmental varieties, diffusing through an institutional sys- 
tem, tend to equate; they should be designed to do so with 
minimal damage to people and to cost. 

Stafford Beer 


The second principle of organization: The four directional chan- 
nels carrying information between the management unit, the 
operation and the environment must each have a higher ca- 
pacity to transmit a given amount of information relevant to 
variety selection in a given time than the originating sub-system 
has to generate it in that time. 

Stafford Beer 


The third principle of organization: Wherever the information 
carried on a channel capable of distinguishing a given variety 
crosses a boundary, it undergoes transduction; and the variety 
of the transducer must be at least equivalent to the variety of the 
channel. 

Stafford Beer 


In a recursive organizational structure, any viable system con- 
tains, and is contained in, a viable system. 
Stafford Beer 


The System One variety accessible to System Three of Recursion 
x equals the variety disposed by the sum of the metasystems of 
Recursion y for every recursive pair. 

Stafford Beer 


An employee gets the boss he deserves. A manager gets the 
subordinate he deserves. 


Leaders are not born; they emerge. 


Theory X (is) the traditional view of direction and control. 
Theory Y (provides for) the interpretation of individual and 
organizational goals. 

D McGregor 
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Under the conditions of modern industrial life, the intellectual 
potentialities of the average human being are only partially util- 
ized. 

D McGregor 


Theory X and Y are not polar opposites; they do not lie at 
extremes of a scale. They are simply different cosmologies. 
D McGregor 


Every managerial act rests on a theory. 
D McGregor 


Every scientific statement must be testable. 
KR Popper 


The organizational structure and processes of a manufacturing 
firm are causally related to its technology. 
Joan Woodward 


Organizational characteristics were not directly related to size. 
Joan Woodward 


The plainest way of interpreting the current evidence is that it 
disconfirms aspects of the original Woodward thesis. 
Lex Donaldson 


Social structures may emerge as the aggregate result of the 
diverse actions of individuals, each pursuing his own ends, or 
they may reflect the joint endeavours of individuals pursuing 
commonly accepted ends. 

Peter M Blau 


The discharge of professional responsibilities appears to be ham- 
pered not only by excessive bureaucratic rules that impinge on 
discretion but also by rules that are insufficient to create an 
orderly working environment. 


Peter M Blau 


What people mean by bureaucracy, and rightly condemn, is a 
management that has come to misconceive itself as an end and 
the institution as a means. 


Peter F Drucker 





Editorial 


The management of any unionised company needs definite long- 
range objectives for its union relations. If it leaves initiative in 
labour relations entirely to the union, it can be said not to 
manage at all.... This is not management; it is abdication. 
Peter F Drucker 


Production is not the application of tools to materials. It is the 
application of logic to work. 


Peter F Drucker 


Management is a practice rather than a science. In this, it is 
comparable to medicine, law and engineering. It is not knowl- 
edge but performance. Furthermore, it is not the application of 
common sense, or leadership, let alone financial manipulation. 
Its practice is based both on knowledge and on responsibility. 
Peter F Drucker 


Decentralization is the best principle of organization design 
where it fits. 


Peter F Drucker 


The enterprise cannot be a mechanical assemblage of resources. 
To make an enterprise out of resources it is not enough to put 


them together in logical order and then to throw the switch of 
capital as the nineteenth century economists believed. What is 
needed is a transmutation of resources....It requires manage- 
ment. 


Peter F Drucker 


Management can never be an exact science, but the days of the 
‘intuitive’ managers are numbered. 


Peter F Drucker 


Control of a system requires that an agency external to the 
system can determine the value of variables of the system which 
influence its behaviour. 


KD Tocher 


Any theory which is worth using predicts how people will 
behave, not how they should, so we can do our mathematics. 
KD Tocher 


Many problems become so big that the validity of the total data 
is suspect. 


KD Tocher 
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The objective of education is learning, not teaching. The best 
way for a student to learn a well-defined and recorded body of 
knowledge is to teach it to another. 


Russell Ackoff 


Decision making is an essential activity of managers. 
Russell Ackoff 


A manager does not have to know how his information system 
works, only how to use it. (If he does not, he will be controlled 
by it—not in control of it.) 


Russell Ackoff 


The value of planning to managers lies more in their partici- 
pation in the process than in their consumption of its product. 
Russell Ackoff 


It is important to have data; it is infinitely more important to 
know how to interpret the data. 


The largest payoffs come from well-based studies of major stra- 
tegy alternatives. 


Brian Houlden 


There may be said to be two classes of people in the world: 
those who constantly divide the people of the world into two 
classes, and those who do not. 


Robert Benchley 


Operational research, like every science, must not copy in detail 
the technical methods of any other science, but must work out 
techniques of its own. 


PMS Blackett 


No method has more influenced our conception of science than 
the experimental method; no method makes the contemporary 
sociologist more suspicious. 


Morris Zelditch, Jr 


No application can ever depend entirely on experimental inves- 
tigation. ... Experiments are mainly for the purpose of building 
and testing theories; theories are necessarily abstract; therefore 
experiments too are abstract. 

Morris Zelditch, Jr 





Editorial 


Terms of reference of any newly appointed committee should 
clearly specify that its major objective is to complete its task as 
soon as possible and dissolve itself. 


While relative insulation from subjects constitutes a liability 
from the standpoint of effective communications with respon- 
dents, it is probably an advantage from the standpoint of allow- 
ing the researcher to maintain his detachment and objectivity 
and retain his original study objectives. 

W Richard Scott 


We should never sell operations research as the solver of major 
strategic problems. 


Hugh Miser 


Most OR workers see themselves as puzzle-solvers. 
SE 


Over all the OR projects which I have seen fail, the most com- 
mon cause of failure has been inadequate sponsorship. 


Brian Houlden 


Consumer marketing problems are not solved by assuming the 
consumer is irrational and the marketer is rational, but just the 
opposite. 


EH Vogel 


We need more research into what managers actually do, and 
into what results, if any, their actions produce....In the mean- 
time, I find it arduous enough to string together even the sim- 
plest of managerial ideas. 


RW Revans 


I have no confidence in the methods being promoted in the 
business schools for studying (let alone improving) the mana- 
gerial task or its results in practical action. 


RW Revans 


Unless it is accepted that an operational grasp of some complex 
manufacturing problem is essential to treating that problem (as 
distinct, for example, from writing a doctoral thesis about it), it 
is unlikely that all the mathematical technique and all the econ- 
omic theory known to scholarship will raise the commercial 
balances of the manufacturer in the slightest. 


RW Revans 
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Planning is the antithesis of gambling. 
L Urwick 


There is always a conflict between the short term and the long 
term. 
SE 


Wisdom is the ability to see the long-run consequences of cur- 
rent actions, the willingness to sacrifice short-run gains for 
larger long-run benefits, and the ability to control what is con- 
trollable and not to fret over what is not. 

Russell Ackoff 


Planning is the design of a desired future and of effective ways of 
bringing it about. Planning is predicated on the belief that the 
future can be improved by active intervention now. 

Russell Ackoff 


Satisficing planning begins with setting objectives and goals that 
are believed to be both feasible and desirable. Attribution of 
these properties to objectives and goals is usually based on con- 
sensus among the planners. 

Russell Ackoff 


Experimentation is an essential part of science. 
Russell Ackoff 


One way of obtaining control over the future is to reduce the 
variations one might expect in the behavior of essential parts of 
the system or its environment. 

Russell Ackoff 


A manager is unlikely to be aware of how little understanding 
he has of some of the operations for which he is responsible. 
Russell Ackoff 


One good perception of an inevitability may be worth any 
amount of forecasting uncertainties. 


Russell Ackoff 


The power to conjure up benign futures for itself is, one must 
suppose, the dream of every human organization. 
Alec M Lee 


The preservation of future options costs money and consumes 
resources. 
Alec M Lee 





Editorial 


One proper field for operational research research is the process 
of generating internally consistent sets of assumptions about 
possible futures. 


Alec M Lee 


In baiting a mouse trap with cheese, always leave room for the 
mouse. 


Saki 


Efficiency is concerned with doing things right. Effectiveness is 
doing the right things. 


Peter F Drucker 


The right answers are always obvious in retrospect....The right 
answers are the result of asking the right questions. 


Peter F Drucker 


No decision is itself a decision. 


The buck stops here. 
Harry S Truman 


Compiled by SAMUEL EILON 
Chief Editor 





Omega The Int. Jn! of Mgmt Sci. Vol. 8, No. 3 p. 275 
Pergamon Press Ltd 1980. Printed in Great Britain 


An Exchange Between an Author and 
an Editor 


COMMUNICATIONS nowadays are direct and somewhat harsh. In writing to 
disappointed authors the Editor is often tempted to emulate the style adopted 
long ago by a Chinese editor, who felt obliged to reject a contribution: 


ILLUSTRIOUS brother of the sun and moon—Behold thy servant prostrate 
before thy feet. I kowtow to thee and beg that of thy graciousness thou 
mayest grant that I may speak and live. Thy honoured manuscript has 
deigned to cast the light of its august countenance upon me. With raptures 
I have perused it. By the bones of my ancestors, never have I encountered 
such wit, such pathos, such lofty thought. With fear and trembling I return 
the writing. Were I to publish the treasure you sent me, the Emperor would 
order that it should be made the standard, and that none be published 
except such as equalled it. Knowing literature as I do, and that it would be 
impossible in ten thousand years to equal what you have done, I send your 
writing back. Ten thousand times I crave your pardon. Behold my head is 
at your feet. Do what you will——Your servant’s servant. 


THE EpITor 
(from The Second Post, compiled 
by EV Lucas, Methuen, 1910) 
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FEEDBACK 


The Status of The Systems Approach: Reply to Bryer 


R A Bry ER, in his paper on ‘The Status of the Systems 
Approach’ [1] claims to give a critical assessment of the 
philosophical basis of the work of Ackoff, Beer and 
Churchman. It is certainly true that what the systems 
movement today needs most if it is to keep growing 
and learning is a critical clarification of its underlying 
philosophy. However, in order to merit the title ‘criti- 
cal, such as assessment must meet some minimum re- 
quirements, among them: (1) The object of criticism 
must be identified and explained so that one can judge 
whether or not the criticized position is adequately 
represented. (2) The critic’s own position needs to be 
explained so that the methodological and normative 
presuppositions on which the critique depends are 
exposed. (3) Labels used to characterize positions ought 
to be used correctly or, if employed in other than usual 
fashion, must be introduced explicitly. Bryer’s paper 
does not live up to any of these requirements. 

In regard to (1), Bryer not only throws such entirely 
distinct approaches as Beer’s ‘managerial cybernetics’ 
and Churchman’s ‘dialectical’ systems approach into 
one and the same pot, but he also fails to notice the 
epistemological gap that separates the positions he 
claims to assess (especially Churchman’s and Ackoff’s) 
from the (un-)philosophical viewpoint that is typified by 
Operations Research, RAND-type systems analysis, 
General Systems Theory, etc. (For convenience, we 
shall in the following subsume these approaches under 
the label ‘systems science’.) Rather simplistically, Bryer 
pretends to assess the status of ‘the’ systems approach, 
and thereby misses the critical intent of Churchman’s 
and Ackoff’s systems approach against the narrow 
scientistic or positivist employment of the systems idea 
in contemporary ‘systems science’. 

With respect to (2), Bryer fails to make explicit the 
normative and epistemological—methodological presup- 
positions on which he relies for his criticism, thereby 
giving himself a seemingly objective role above the situ- 
ation—quite in the fashion of an uncritical ‘systems 
scientist’. Rather than explaining his own philosophical 
standpoint in comparison to the one he criticizes 
(‘positivism’? ‘pragmatism’? ‘conventionalism/ideal- 
ism”), he characterizes his own position as a ‘direct’ 
approach that is allegedly free of philosophical assump- 
tions and is presented as an “alternative to the philo- 
sophical approach” [1, p. 220]. The history of philo- 
sophical thought has shown over and over that the 
‘direct approach’ never works; for one thing, it is not 
possible to define ‘direct’ in any direct fashion. 

As to (3), finally, Bryer himself reveals that he does 
not understand the basic epistemological—methodo- 





' We hope Bryer will forgive this much pouting on 
the part of senex. 

? The reader will find more systematic recent exposi- 
tions of our critical stance in [8, 12, 13]. 


logical positions in terms of which he characterizes 
‘the’ systems approach. This is apparent, for example, 
when he identifies ‘the philosophical approach’ (in con- 
trast to his own) with ‘science—positivism’ [1, p. 220] 
(positivism and scientism are in fact the exact disavowal 
of a philosophical approach!), or when in his discussion 
of the measurement problem he himself falls into the 
positivist trap of not recognizing the unavoidable circu- 
larity of any measurement process (cf. 4 below). This 
last point is especially distressing because it reveals 
Bryer’s failure to read the authors he criticizes. As early 
as 1948 Churchman published Theory of Experimental 
Inference [2], in which he attempted a precise formula- 
tion of philosophical positions on epistemology based 
primarily on the concept of ‘presupposition’. These 
included the ‘direct approaches’ referred to earlier. 
What emerged as apparently the most viable approach 
is what EA Singer called ‘experimentalism, in which 
the circular process of knowledge acquisition is 
revealed. Anyone who has attempted to calibrate 
measurements (in the physical, biological or social 
sciences) quickly becomes aware of the circularity of his 
presuppositions. And measurement is calibrated infor- 
mation. It is not merely the assignment of numbers to 
objects as SS Stevens suggests [3, p. 18ff]. Number 
assignment is only one feature of a measurement pro- 
cess. The assignment of objects to qualitative classes 
also requires a delicate calibration process, as, for 
example, the histories of astronomy and biology show 
over and over. Further explanation of these points es- 
pecially with respect to the measurement of values 
appears in [4]. 

As one wag has pointed out, a philosopher has at 
most one idea in his life though he may have many 
books. Churchman’s one idea is the logical structure of 
inquiry. The idea has certainly evolved over his lifetime, 
but it hasn’t changed so much that one can safely 
ignore the earlier works. Even if you feel he’s been 
gnawing at the idea far too long (over forty years), still, 
a little patience and study on the part of the younger 
inquirers seems called for.' 

The inevitable result of the deficiencies of Bryer’s 
article is much fuzziness and confusion in his argu- 
ment—confusion that certainly does not help the cause 
of making the systems approach (particularly, ‘systems 
science’) more (self-)critical. Because our own concern is 
in overcoming the technocratic and positivist aspects of 
the systems-scientific approach to social inquiry and 
design, let us examine in more detail to what extent 
Bryer’s paper misses the critical intent of the dialectical 
systems approach which we advocate.” 

These are some crucial points we shall examine 


briefly: 


(1) What exactly is the object of Bryer’s criticism? The 
dialectical systems approach vs ‘systems science”? 





278 


(2) What is Bryer’s core argument? The problem of 
holism vs incrementalism? 


(3) What is Bryer’s main conclusion? The problem of a 
philosophical vs an unphilosophical (‘direct’, ‘scien- 
tific’) understanding of the systems idea? 


(4) Some remarks concerning the core problem of 
measurement. 


The object of Bryer’s criticism: dialectical systems 
approach or ‘systems science’? 

It is easy to show that the object of Bryer’s criticism 
is not the one he proclaims, namely, ‘the philosophical 
approach’ to OR and systems design. Rather, his criti- 
cism unintentionally strikes at the very approach he 
himself advocates—the scientific, unphilosophical, ‘dir- 
ect’ approach to planning that understands itself as 
‘systems science’ and takes recourse to “the accumu- 
lated knowledge of the established sciences” [1, p. 220]. 
Three specific examples must suffice to illustrate the 
point. 

(a) Bryer characterizes the position he wants to criti- 
cize as being positivistic, explaining the “questions 
about the ‘nature’ of phenomena or the ‘nature’ of 
theories are considered meaningless by positivists” 
[1, p. 220], that “positivists take the whole system for 
granted because they are unable and are forbidden to 
inquire into how phenomenal events are related” 
[1, p.225], and that “for both the positivist and the 
pragmatist there are no underlying realities which play 
a direct part in the practice of science.” [1, p. 225]. In 
distinction to this, Churchman has repeatedly argued 
that the social inquirer and planner cannot escape the 
difficult question of the reality and nature of the whole 
system for which he plans, and the nature of the inquir- 
ing system that he himself represents [S, Ch. 14, 7, 
hei, 45,16). 

It is indeed one of the basic critical themes of the 
dialectical systems approach that all inquiry and design 
implies very questionable a priori judgments about the 
nature and the boundaries of the whole system in ques- 
tion; precisely for this reason the dialectical systems 
approach maintains that a systems approach that is not 
to become a source of objectivist illusion must be a 
self-critical and philosophical one. 

(b) Bryer also ‘explains’ that the systems approach at 
which his criticism aims can be characterized by a prag- 
matism with positivistic undertones. He correctly 
points out that pragmatism comes close to positivism 
when it assumes that methodology can ‘produce’ re- 
ality, i.e. guarantee a continuous approximation toward 
truth. He overlooks, however, that it is the prevailing 
scientistic methodology of Karl Popper’s ‘Critical 
Rationalism’ which really postulates just such an 
approximation toward truth (e.g. [11, p. 57ff]), while the 
dialectical systems approach has always rejected this 
idea. It rejects it because any judgment about whether 
such an approximation has occurred would presuppose 
a whole systems judgment, i.e. a judgment about the 
nature of the totality that is to be approximated, and of 
course no judgment of this kind is objectively possible. 
Rather, the notion of a progress toward an ideal (the 
ideal of truth in science, the ideal of improvement in 
planning) must be understood as a critical idea that 
leads us to reflect on our inevitable lack of knowledge 
of the whole system, and hence, the selectivity and nor- 
mative content of our knowledge (cf. [5, p. 47]). 

(c) In the same context, Bryer also misapprehends the 
position that he claims to assess when he suggests, quite 
correctly, that 


Feedback 


remaining entirely faithful to methodology creates 
insoluble problems. The most important of these is 
that without some knowledge of reality that is 
independent of our methodology [...] we cannot 
know if our methodology puts us in touch with 
“reality”. [1, p. 224]. 


This is well observed. Only, Bryer does not seem to 
have read Churchman very well, for Churchman has for 
years maintained that the systems approach must enter 
into a dialogue with the moral, political, religious and 
aesthetic perspectives on social reality that are outside 
its own scope of rationality, but are nevertheless indis- 
pensable sources of knowledge for keeping in touch 
with ‘reality’ (cf. esp. [6] and [8]). 


Bryer’s core argument: holism or incrementalism? 


Bryer’s chief criticism turns out to rely on the old 
and tired standard argument of positivists (logical em- 
piricists and critical rationalists included) against 
‘holism’. Knowing the whole system, so goes the argu- 
ment, is impossible; ‘hence’ the whole-systems ideal is 
practically irrelevant and must be avoided. In its stead, 
the incrementalist approach is advocated as a ‘practi- 
cally attainable’ strategy [1,p.221]. Incrementalism 
assumes that comprehensive understanding of whole 
systems is not only impossible but also unnecessary. 
Breaking up complex problems into small segments will 
make it possible, so goes the argument, to define clear 
criteria of progress for small (‘incremental’) but satisfac- 
tory steps forward. 

The argument is rather uncritical, and rather child- 
like: here we have a difficulty that we cannot resolve, so 
let us close our eyes before that difficulty and let us be 
sure that our approach, on the surface of it, looks neat 
and scientific. 

It is indeed an old positivistic device to neutralize 
genuine epistemological difficulties by relegating them 
to a methodologically irrelevant staus. Bryer here 
reveals that he has not at all understood the critical 
methodological significance of the systems idea. Over 
two hundred years ago, in the Critique of Pure Reason 
[10], Immanuel Kant demonstrated that the systems 
idea, or the idea of a totality of conditions, is an un- 
avoidable idea flowing into all our knowledge. Ignoring 
it does not make our knowledge any more ‘objective’ or 
‘practical,’ but only deceptive. 

From a non-positivist, critical, point of view, the fact 
that we never know the whole system—the totality of 
relevant conditions—does not imply that we should 
keep the scope of inquiry within arbitrary boundaries 
and treat the environment as a ‘given’ (as incremental- 
ism concludes) but rather that we cannot know any- 
thing unless we critically reflect upon our ignorance of 
the totality of relevant conditions, and the normative 
content of the boundary judgments by which we separ- 
ate the problem-relevant system from the whole (the 
‘environment’). 

Bryer’s conclusion can only be attributed to his unc- 
ritical standpoint: 


If we take the whole systems ideal seriously it 
appears that we must have full knowledge before 
we can provide guidelines for inquiry. However, if 
we had this knowledge inquiry would be unnecess- 
ary! [1, p. 222]. 


The critical conclusion is quite the opposite: if we take 
the whole systems ideal seriously for what it is, namely, 
an unavoidable critical idea, we must conclude that we 
can know ‘reality’ only to the extent we critically reflect 
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on the potential deceptiveness of the whole systems 
judgments that inevitably flow into our conception of 
reality. 

An incrementalist approach to planning is bound to 
end up as an uncritically technocratic approach, as is 
sufficiently demonstrated by ‘general’ systems theory, 
Rand-systems analysis, artificial intelligence and heuris- 
tic programming, much of current OR pracice, and all 
other incrementalist planning methodologies: they all 
suffer from a common inability to deal critically with 
the very social reality which they ought to improve 
[13]. 

It is of no avail for the incrementalist to argue, as 
Bryer does, that he does not ‘in principle’ deny the 
desirability of the systems idea but merely adopts the 
incremental approach as “a practical guide for action”; 
for in methodological issues the ‘normal’ (practical, 
feasible) becomes the norm, without investigators being 
aware of it. Thus the ‘normal’ becomes the standard 
against which the scientific character of inquiry is 
judged (e.g. ‘peer review’ in judging the quality of a 
research proposal). 


Bryer’s conclusion: philosophical or unphilosophical 
(scientific) understanding of the systems approach? 

After having blurred the above-mentioned critical 
distinctions, Bryer can hardly be expected to arrive at a 
helpful conclusion. A ‘helpful’ conclusion would merit 
its title by critically examining its own philosophical 
and ideological presuppositions in each application, 
and would not hide its uncritical character behind the 
cover of ‘science’. That Bryer’s conclusion lacks this 
quality of being helpful is apparent from the following: 


The general lesson to be learned from the failure of 
the philosophies of science to define adequately the 
nature of OR as a science—adequate to its whole 
systems objective—is that philosophical analyses 
of ideal methods should be abandoned in favor of 
attempts to define and measure real knowledge 
interests and the knowledge which is necessary for 
their pursuit. If we follow the classification [of 
knowledge interests] provided by Habermas 
[9, p. 191ff, 309f] there is clearly a much greater 
role for the social sciences in this [‘direct,’ scien- 
tific] model of the practice of OR than would be 
apparent from the works of the prominent theore- 
ticians of OR. [1, p. 239, reference added]. 


(Similarly, in the abstract, he says that the paper is to 
illustrate’ the conclusion “that philosophy confuses 
rather than clarifies the nature of OR as a science.”) 
Quite apart from Bryer’s misreading of Habermas’ 
intent—-which is a critical one against scientism—his 
conclusion finally reveals the defensive character of his 
argument. Instead of arguing for a truly critical recon- 
struction of systems science, he wants us to abandon 
altogether the attempt to reflect philosophically 
upon the deceptiveness of the existing model. Every- 
thing stands on its head here. ‘The’ philosophical 
approach is identified with positivism and scientism (cf. 
[1, p.220]); positivism becomes “a contender as a 
method of inquiry with which OR could pursue the 
whole systems ideal” [1, p. 223]; and more scientism is 


implied to be the medicine for the already prevalent 
scientism. All this comes neatly packaged in a ‘direct 
approach, an approach that prides itself on its resisting 
“the striking degradation of the role of a knowledgeable 
grasp of particular subject-matters in the practice of 
science” [1, p. 223]. 

The unspoken assumption is that ‘the established 
knowledge of the social sciences’ on which Bryer wants 
us to rely [1, p. 227] exists, is objective, and can replace 
critical reflection on the epistemological difficulties and 
the value content of ‘scientific’ systems design. 

Let us not fool ourselves: the genuine philosophical 
difficulties raised by the systems idea cannot be passed 
over simply by disavowing their critical relevance, and 
by ignoring the need that they imply for a philosophi- 
cally self-critical systems approach. ‘Systems science’ 
will only be scientific in so far as it becomes self-reflec- 
tive with regard to these genuine difficulties, and no 
‘direct’ approach should make us believe that the cure 
for the ailing systems science is ‘more of the same. 
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Some Comments on Churchman and 
Ulrich’s ‘Reply’ to 
The Status of the Systems Approach 


My CRITICS accuse me of misunderstanding the systems 
approach because I do not appreciate “the genuine philo- 
sophical difficulties” which it raises. I do and that is why I 
find it unhelpful. My argument would have been devas- 
tated if it had been shown that the systems approach pin- 
pointed important problems which it then solved—but it 
does not. After all, what problems have the authors solved 
using this approach; Or is it unfair to criticise the systems 
approach for being impracticable; 

For several years now I have been trying to find out if 
the systems approach could answer, or hold out any pros- 
pect of answering, the questions which it raises and my 
paper was a report of the conclusions I have reached. As I 
show, the systems approach has appeared in many philo- 
sophical guises and every one of them, eventually, has had 
to resort to an unanalysable ‘reality’ to guarantee the 
‘objectivity’ of its methodology of inquiry. 

In doing this I am accused of trying to ‘neutralise 
genuine epistemological difficulties’. That is exactly what I 
intend because in the face of these difficulties all that my 


The Status of the Systems 
Approach 


I HAVE READ both Bryer’s paper and Churchman’s re- 
sponse. In my opinion, Churchman’s response is war- 
ranted. Bryer has not adequately captured Churchman’s, 
Ackoffs and Beer’s position(s). Even worse, his paper 
shows serious misunderstanding of them. Hence, I can 
more than understand and sympathize with the obvious 
tone of anger, if not frustration, exhibited by Churchman. 

Of course, Bryer can now always respond by saying that 
Churchman misunderstood him, Bryer. But I don’t think 
this will work in this case because of the very strong asser- 
tions scattered throughout Bryer’s paper. 

At heart, I do not think the debate can be resolved 
through ‘purely intellectual means’, as I know Churchman 
knows only too well. Take but one case, Bryer’s assertion: 
“If we take the whole system ideal seriously, it appears that 
we must have full knowledge before we can provide guide- 
lines for inquiry. However, if we had this knowledge, 
inquiry would be unnecessary.” So much depends, as it 


critics recommend is the adoption of a ‘critical’ attitude. I 
would like to know what this means but I have given up 
any hope of finding out from writers on the systems 
approach. When we ask them what kinds of knowledge we 
need to acquire to solve real problems they tell us to have 
a ‘dialogue’ with ‘moral, political, religious and aesthetic 
perspectives on social reality’. Examples would be helpful 
here. Insofar as I can understand what they are recom- 
mending it does not seem even to be a programme for 
future research. Morally it is welcome but practically it 
does not raise any worthwhile questions. 

I accept the need for criticising the ‘technocratic and 
positivistic aspects of the systems-scientific approach to 
social inquiry and design’ but historically philosophy has 
had little persuasive power. The philosophies which 
Churchman champions are well-known but ineffective as a 
basis for reforming research. In my view energy could be 
better spent in reforming social research itself. My critics 
believe that the real problems in OR are philosophical. It 
would be interesting to know why. 


School of Industrial & 
Business Studies 
University of Warwick 
Coventry CV4 7AL 
UK 


R. A. BRYER 


always does, on the meaning one assigns to virtually every 
word in this complex assertion. For instance, the word 
‘seriously’ has a very different meaning to me than it does 
to Bryer. It does not have the absurd connotation that 
“one must know everything before one can know any- 
thing.” 

The word ‘serious’ means to me one must constantly 
attempt to broaden one’s view of the world rather than 
taking any piece of it for reality per se. The systems 
approach is an expression of man’s never ending quest for 
ever greater comprehensive knowledge, not the attainment 
of it. Thus, at heart, the approach rests upon an intent, an 
ideal if you will. As is always the case, ‘everything’ depends 
upon how one construes this ‘ideal’. Everything just as well 
depends upon how one miscontrues it as well. 
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Is the Work Society Running out of Work? | 


RALF DAHRENDORF 


London School of Economics, UK 


(Received January 1980) 


The growth of unemployment and underemployment in a society devoted to the work ethic creates a 
growing pressure for more work to be provided within a pre-existing social and economic frame- 
work. Growth of services and small businesses are unlikely to be sufficient. The public sector is 
widely used as a source of artificial and therefore unsatisfying work. The contrasting growth of the 
‘black economy’ despite an official framework of wage rates and law suggests that work-creating 
forces are still strong. Relaxation of that framework and the breaking down of other rigidities in 
education, in attitudes to working times and to voluntary service are essential if the need to work is 


to be satisfied in our changing environment. 


DESPITE THE QUESTION mark in its title, | 
have little doubt that quite a few people may 
be a little shocked by this address: Is the work 
society running out of work? You will be won- 
dering about the meaning of this strange 
phrase. Is the head of a university going to 
preach the generalization of the laziness with 
which academic institutions are sometimes 
charged? Is this another song of praise for the 
things which so many people in Britain are try- 
ing to change? Is it not the task of everybody 
who has responsibility at this time to see to it 
that people work more rather than _ less? 
Should we not be pleased about signs of the 
return of the Protestant Ethic, of attacks on 
waste, Overmanning, expenditure that is not 
earned? 

In the end the shock of a title is rarely borne 
out by subsequent content. Indeed you will 
find that I agree with the notion of a society of 
individual initiative and activity rather than 
one of ubiquitous government and that iron 
cage of bondage in which so many of us find 
ourselves in the bureaucratized welfare state. 
Yet the points which I want to make are some- 
what unorthodox. They are an attempt to warn 
against the thoughtless return to yesterday’s 





1 Based on an address to the Fellows of the British Insti- 
tute of Management, November, 1979. 


values, an attempt also to stress that no one 
country can opt out of the mainstream of 
modern socio-economic development. Britain 
will not have an economic miracle at a time at 
which everyone else is glad to hold on to what 
they have got. Britain will not revive the vir- 
tues of a bygone age at a time at which every- 
one else is beginning to realize that it is 
bygone. Indeed, Britain will be strong to the 
extent to which it addresses itself to the press- 
ing problems of tomorrow rather than to the 
fading memories of yesterday; and—as I keep 
on telling my Continental friends—Britain is in 
many ways better equipped than others to deal 
with tomorrow’s world. 

The statement in the title of this address— 
that the work society is running out of 
work—is actually not my invention. In slightly 
different language, and in a complex philo- 
sophical context, it was made by the great 
German-American social thinker Hannah 
Arendt in her book The Human Condition: 
“The universal demand for happiness and the 
widespread unhappiness in our society (and 
these are but two sides of the same coin) are 
among the most persuasive signs that we have 
begun to live in a labour society which lacks 
enough labour to keep it contented.” We cer- 
tainly live in a labour, or work society: most 
people’s living depends on what they earn by 
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their work; their pensions depend on what they 
have earned, or what the next generation earns 
for them; people are trained for work; people’s 
leisure is in part recreation for further work; in 
short, take away work and most people’s lives 
would fall apart, leaving little more than mean- 
ingless bits of social relations. 

Yet it looks as if work is being taken away. 
We are told that before long there may be 
1,650,000 unemployed in Britain. The figure 
remains somewhat puzzling, especially to those 
who live in areas in which, due to labour short- 
age, buses do not run, shops close, other ser- 
vices decline, and jobs are advertised all over 
the place (a phenomenon to which I shall 
return). However, as one moves beyond a 
figure of 5% unemployed, there are likely to be 
families without a single income earner, unem- 
ployed old-style as it were. Yet they are merely 
the tip of a much larger iceberg. For apart 
from the registered unemployed there are those 
who are more or less voluntarily unemployed. 
Among them, those in institutions of higher 
education have a distinguished, and quantitat- 
ively not unimportant place; theirs is probably 
the most acceptable form of voluntary unem- 
ployment. If higher education were extended by 
one year (which I am not advocating, except 
for argument’s sake), unemployment figures 
might go down by as much as 0.5%. There are 
many others notably women who are more or 
less voluntarily unemployed. In America, I was 
told the story that when in a certain area with 
100,000 registered unemployed, a Government- 
sponsored job creation scheme created 10,000 
new jobs, these were taken up within weeks; 
but when a new count was made, there were 
still nearly 100,000 unemployed. The new jobs 
were taken up by people who had not regis- 
tered, but who nevertheless wanted the oppor- 
tunity. 

If the voluntarily unemployed are the hap- 
piest among the victims of the trend with 
which I am concerned, the many millions who 
are underemployed are probably the least 
happy. If a print union negotiates a contract 
which enables grown men to clock in, go into 
the machine room, hang around for hours, get 
drunk or play cards, clock out again and col- 
lect £230 per week, then this is a human degra- 
dation infinitely more disgusting than the 
plight of the unemployed. The example may be 
extreme, but one hesitates to guess how many 


Dahrendorf—Is the Work Society Running out of Work? 


people are underemployed today. Sometimes 
they complain. A German civil servant, a lady, 
recently sued her Ministry because she was 
not given more than half an hour’s work a day; 
unfortunately for the curious, the case was 
settled out of court. In any case, she is a Ger- 
man. Most others suffer their fate silently, 
though I have little doubt that they feel miser- 
able about it: the alienation of underemploy- 
ment is worse than that of repetitive work. 

Most employers would call this phenomenon 
overmanning. In a sense, they are obviously 
right. But the notion is not only cruel; it is also 
misleading, because it suggests a simple solu- 
tion: reduce the work force of industries or 
bureaucracies, and all will be well. If it is 
true—and there are many who would go 
further in their estimates—that Britain, like 
other OECD countries, could easily produce 
its present GNP with, say, three-quarters of its 
present labour force (or at any rate its present 
man-hours), then a much more serious ques- 
tion arises: something has happened that 
makes human work either expendable or irrele- 
vant. Yet we are still living in a work society. 
As a result, we do not know how to deal with 
the new situation. We exhort people to work 
harder, scorn’ eternal students, attack 
scroungers, decry seekers for alternative life 
styles, praise hardworking individuals and even 
remember the Protestant Ethic again (con- 
veniently forgetting that the only ethic which 
can keep a modern economy going is the hedo- 
nistic one of spending rather than saving). The 
plain fact is that we do not know how to cope 
with a world which fails our conventional cate- 
gories of understanding. 

Before I turn to some of the ways in which 
the embarrassed work society is trying to 
cope—and with a few suggestions of how a 
confident society of tomorrow might cope—let 
me say a brief word on the causes of the devel- 
opment which I have sketched. One of these is 
undoubtedly modern technology. I do not 
know how many white collars are going to 
end up in dustbins in the next decade because 
of microprocessors, but they are many, and 
numerous blue collars with them. At least two 
other reasons for the work society running out 
of work deserve to be mentioned. One is the 
strange mismatch between demand and supply. 
Clearly, one answer to the simultaneous pres- 
ence of open places and unemployed is that 
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most unemployed do not, and perhaps cannot 
accept the places which they are offered; they 
are lacking the skills, they do not want to move 
house, they resent ‘unsocial’ hours—there are 
numerous reasons, and, I suspect, reasons 
which are stronger than the market forces often 
invoked against them. Then there is the other, 
perhaps most paradoxical cause of our running 
out of work, the fact that work, especially in 
the service industries, has become too expen- 
sive. We have priced work out of our societies, 
by regulations as well as wages, and the conse- 
quences are grave. Do not misunderstand me; 
it is entirely right that people in the services 
should earn a decent income. But it could be 
said that they deserve and want this income 
among other things in order to be able to 
afford services which, because of their higher 
incomes, they (like almost everyone else) can 
no longer afford. Out go the hairdressers, the 
bakers, the nannies, indeed the nurses and, 
without heavy subsidies, public transport and 
many other services as well. 

But the work society is still with us. We are 
still looking for ways of pretending that things 
continue to be as they always were, and—who 
knows—for the moment this may well be the 
most realistic course to take, though it is 
hardly the most effective. 

It is certainly right that attempts should be 
made to encourage small business, but this is 
not easy. Small business has long been discour- 
aged, not only by taxation, but by the predomi- 
nance of industrial giants, so that the most 
likely form of small business is that of an enter- 
prising scientist or engineer from a big firm 
who goes independent for a while, only to sell 
his subsidiary small firm back to a giant with a 
profit. Reducing regulations and reducing taxa- 
tion are important to encourage small business 
and create genuine jobs; but I am unimpressed 
by exaggerated hopes in this prospect. 

Then there is the public sector. The story 
may be apocryphal, but I am told that when 
the recession of 1973 started, the Austrian 
Chancellor Kreisky, a man of unusual 
resource, gave instructions to his public sector 
not to make anybody redundant, while at the 
same time encouraging his private sector to do 
everything necessary to continue to make pro- 
fit. Whether the low Austrian unemployment 
figures are due to such chancellarian impulses 
or not, it is a plain fact that one of the func- 
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tions of the public sector in modern societies 
has become the provision of unnecessary jobs. 
If this sounds cynical, let me add an even more 
cynical statement: until we have thought of 
something better, this is perhaps as it should 
be. Cutting out waste in the public sector is 
certainly possible; but I see no reason what- 
soever for believing that those who are made 
redundant by the Inland Revenue, by Local 
Authorities, or even Universities will be swal- 
lowed up by an expanding private sector. They 
are much more likely to add to the army of 
semi- or unemployed, whether registered or 
not. No amount of tough talking gets us out of 
the double bind of the degradation of under- 
employment on the one hand, the misery of 
unemployment on the other, and the cost of 
both. 

Or, perhaps there is one development which 
does, one indeed which takes me to the begin- 
ning of a short list of desirable changes in the 
years to come. I am referring to the ‘black’ 
economy. The ‘black’ economy is probably the 
fastest growing sector of the economy of Bri- 
tain and a number of comparable countries. If 
its growth could be measured, GNP figures 
would not look anywhere near as bad as they 
do today. (In fact, in the United States esti- 
mates about ‘black’ building construction work 
are now built into national accounts.) Why is 
the ‘black’ economy with all its absurdities— 
with the head of a local authority building 


_committee finding that the cheap labourers 


who offer to redecorate his house are in fact 
council workers, and the like—so popular? 
First, because people want to work. It is and 
will always be a measure and a requirement of 
human self-respect to do something rather than 
just to sit around. This is why underemploy- 
ment is so degrading; this is where any plan for 
the future will have to start. Secondly, we may 
be running out of work in the sense of jobs in 
the old sense, but we are not running out of 
things to do. Housewives have a story to tell in 
this respect, but they are today by no means 
the only ones. Do-it-yourself has long turned 
into a new system of barter trade in services: if 
you decorate my house I repair your car or 
even fill in your tax return or do your house 
conveyance for free. Thirdly, growth is most 
easily possible where there are the least restric- 
tions. This is a point worth pondering. 

I have no way of checking the story told on 





284 


television the other night, but it has plausibi- 
lity: an entire bus depot operates also as a 
small ‘black’ building business, with inspectors 
as employees of the enterprising bus driver 
who organizes the whole enterprise. The story 
has many facets. One is: that the people 
involved are actually ‘socially secure’ by virtue 
of their ‘white’ jobs. The next is: that the cost 
of their ‘black’ business is minimal among 
other things because there is not only no taxa- 
tion, but no employment protection legislation 
or other regulations to worry about. In one’s 
flights of fancy one wonders what the world 
would be like if everyone had elementary social 
security but was free beyond that to use his 
energy and enterprise with minimal constraint. 

But let me stay in the real world, confused as 
it is. The picture which I have sketched is one 
of a society organized around a notion of work 
which no longer manages to provide enough of 
this central commodity for its citizens. There is 
certainly enough to do, but given technology, 
regulation, wage rates and human motives, it 
can no longer be done in the traditional way. 
The safety valves which people and societies 
alike seem to find are but half effective and 
certainly partly dubious. The public sector is 
used for systematic underemployment. A 
‘black’ economy is growing up next to the 
white one and is flourishing. Are there other 
ways? Is there anything that would take us 
closer to a society of human activity in which 
necessary things are done and human self- 
respect is not violated by lack of social imagi- 
nation? 

Most problems are bigger than the solutions 
which we can offer for them. The few com- 
ments which I shall advance in concluding my 
address are therefore bound to disappoint 
those who expect grand designs or patent 
medicines. But most of you know in any case 
that such patent medicines do not exist. 

First of all, my sketch needs one important 
correction. However true it may be that the 
work society is running out of work, there are 
many who have no complaint about lack 
of work and I suspect this is true for most 
managers. May I add: nor should we complain 
about our work. We, and many others, are 
doing things which we regard as worthwhile. 
Yes, they occasionally annoy us and upset us. 
Yes, every now and again we wish we had 
another, more leisurely job. Yes, at times we 
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say to our friends “If only I had this nice 
simple 9 to 5 existence...” But of course we do 
not believe it ourselves. Throughout history, 
social classes were structured into those on top 
who did not need to work and those below 
who had to work. Today, this picture has 
become strangely complicated. Those on top 
may not have to work, but they are in a pos- 
ition to do things which they regard as mean- 
ingful; work is their privilege. Many others do 
not have this privilege; the absence of mean- 
ingful work is the source of their misery and 
frustration. The leisure class has the privilege 
of being overworked (and in a sense under- 
paid), whereas the working class suffers the 
misery of being underemployed (and in that 
sense overpaid). 

A second point has to do with the fashion- 
able admonitions to work harder. I honestly 
believe that these admonitions are out of place 
(as are battles about a genuine reduction of 
working hours, that is one which is not simply 
a barely concealed pay increase). The real 
problem of British industry is not that people 
do not work hard enough, but that their work 
is not predictable enough. If one knew that by 
and large people would work for 300 days a 
year—if every manager and head of an organ- 
ization knew this—the problem of productivity 
would take on a very different complexion. It 
would even be possible to live with a lower 
productivity than some others. It is the wide- 
spread absence of any certainty, the occurrence 
of unofficial strikes, of other stoppages, of wild 
fluctuations in absenteeism and the like, which 
make all the difference. (I cannot conceal from 
you that for that reason I regard agreement as 
more important than incentive so far as work- 
people are concerned, and would advocate a 
policy of industrial consensus rather than an 
appeal to individual greed.) 

A third point has to do with what I said 
earlier about voluntary unemployment in con- 
nection with higher education. I said that I am 
not advocating an extension of higher educa- 
tion to four or five years. Given the conditions 
of modern society, the worst we can do is to 
keep young people in classrooms longer than 
necessary. But beyond the initial period of edu- 
cation, we have not yet shown much imagina- 
tion in enabling people to move from jobs back 
into other forms of activity including educa- 
tion. Universities are geared to bored 18-year 
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olds, and businesses and organizations are 
geared to so-called careers, however phoney 
they may be. Such rigidity prevents people 
from developing their abilities, and adds to the 
painful paradoxes of the work society. We have 
got to break up the barriers between the social 
boxes of education, work, leisure and retire- 
ment, or else we will not even begin to respond 
to the needs of human beings in a changing 
world. 

This leads me to a fourth point which I have 
made often, though without any noticeable 
effect so far. (One can hardly exaggerate the 
unimaginativeness of the work society in which 
we are living). Given the problems which we 
face in offering young people anything mean- 
ingful to do, and given further the inevitable 
deterioration of services as we price them out 
of our societies, it seems to me that there is 
every reason to extend the experience of organ- 
izations like the Community Service Volun- 
teers to as many people as possible. I for one 
would not regard a general community service 
as an outrageous idea. It may not be cheap; it 
will certainly require a great deal of thought; 
but it could turn out to be the only way in 
which we can maintain some of the necessary 
services to our community for which we cannot 
pay in the normal way and cannot find appli- 
cants even if we are prepared to pay. 

The fifth point is a very brief one. Clearly, 
there are all sorts of arguments against the 
‘black’ economy. Tax avoidance and evasion, 
misuse of public funds, contravention to regu- 
lations and standards are some of them. Never- 
theless, I would regard it as regrettable if a 


concerted attempt to quench this massive ini- 
tiative by millions of people was made by the 
Inland Revenue, by Local Government or by 
anyone else. Where there is initiative and ac- 
tivity, let us rejoice rather than insist on bu- 
reaucratic habit. 

It is customary to end an address on an 
optimistic note. I cannot do so. Are some or all 
the changes which I have mentioned actually 
going to happen? Probably not. The cards are 
stacked against change. Trade Unions will ob- 
ject to a community service because they will 
claim that it displaces jobs. Universities will 
object to opening their doors to mature stu- 
dents because it will force them to re-think 
courses, examinations and many of their ways. 
Those involved in industrial relations will con- 
tinue to play the costly adversary game, partly 
because they do not know how to end it, and 
partly because they too are set in their ways. 
Governments, local and national, are going to 
take action against the ‘black’ economy, 
because it has no place in their scheme of 
things. Official minds and vested interests are 
deeply rooted in the work society. My only 
hope is that individuals, groups, even firms and 
organizations, will find enough loopholes in its 
creaking structures to explore new ways and 
make the rigid organizations and ideas of yes- 
terday obsolete. I for one shall do my best to 
contribute to this exercise in practical liberty. 
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Control of organisations is one of the principal concerns of management. Day to day control is 
frequently mainly achieved by oral or verbal communication. It is suggested that loss or distortion of 
information during its passage through a chain of command can impose a major constraint on the 
effectiveness of an organisation. An experiment was devised in order to determine the information 
loss and distortion likely to occur when verbal information is passed through a series of people. It 
was found necessary to develop a method of coding and classifying verbal and written information 
before the data could be analysed. Some 21 different types of verbal information ‘bit’ were eventually 
isolated. It was found that there were some unexpected effects in the information loss process, and 
that distortions could frequently take place which created an exactly opposite effect to that required. 
It was also noted that critical loss levels existed, and that the believed ability to act on the 
information was related to this level. The results are described in the paper and losses and distortions 
are quantified so that the reliability of the human command system can be evaluated. The losses are 


then related to the deduced and observed limitations of the size and structure organisations. 


INTRODUCTION 
COMMUNICATION, as a subject for study, 
greatly fluctuates in its general popularity. At 
times we give the impression that we know 
_ everything there is to know about it, and at 
others we appear to re-discover the topic and 
emphasise the need for much further study. 
The truth of the matter is, of course, that the 
business of communication is always with us 
and probably imposes far more constraints 
than we imagine upon the society in which we 
live. 

Our own decisions, and those taken collec- 
tively by organisations, require actions to be 
undertaken. These decisions are usually based 
on the available information. Simple personal 
day to day decisions are based upon a ‘model 
of the world’ which we have been uncon- 
sciously building since childhood. Complicated 
organisational situations are difficult to model 
mentally and it is not easy to respond satisfac- 
torily to changing situations. 

In practice, matters are usually made worse 
by the fact that in oral communication infor- 
mation is often lost, or badly distorted in the 


passage; and although written information 
may be more satisfactory in some instances, 
there is usually a time lag in the information 
transfer unless electrical transmission methods 
are used. In the case of written communication, 
interrogation is not possible without further 
time delays and the information has often to be 
judged solely on the basis of the first communi- 
cation. Quite frequently the text may uninten- 
tionally have a double meaning, and be inter- 
preted in different ways by different people. 

An analysis of the comments and action 
instructions of the minute sheets of a number 
of files indicated that 5-10% of the communi- 
cations could be badly misconstrued, or did 
not convey the true meaning which the origina- 
tor had intended. The remainder were reason- 
ably satisfactory, but altogether a total of some 
43°% necessitated telephone, or face to face, ver- 
bal explanation or confirmation. 

Burby [1] has suggested that “most direc- 
tives are expressed verbally.” This statement is 
clearly open to argument, although in view of 
the analysis referred to above, and other simi- 
lar observations, it is my own belief that verbal 
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information flow is very important in normal 
industrial management situations. It should be 
noted in this context that, as in case of many 
writers, | am using the word ‘verbal’ to refer to 
the oral, or spoken word, aspect of conver- 
sation in addition to the aural, or listening, 
aspects of a conversation. 

One way in which it may be possible to 
study the limiting effects of communication is 
to review the way in which organisations have 
developed over the years. This is done very 
briefly in the next section. 


HISTORICAL REVIEW 


In Britain some of the very first industrial 
ventures were originated by courtiers of the 
King who often granted virtual monopoly 
powers in return for services or a share of the 
proceeds. These enterprises often involved 
management of interests remote from the 
primary activity and many proved abject fail- 
ures. The principal difficulties involved com- 
munication and control. Two of the earliest 
large companies to be established in Britain 
were the Mines Royal and the Mineral and 
Battery Works which were formed in 1568. The 
companies had the benefit of considerable capi- 
tal and what amounted to a legal monopoly, 
but both encountered serious problems [2, 3]. 

An aspect which undoubtedly caused many 
problems for the early industrial companies 
was control of the organisation. Lack of proper 
accounting procedures made embezzlement 
easy and it seems likely that many Managers 
or Stewards, as they were usually called, were 
guilty of malpractices [4, 9, 10]. 

Attempts to operate large companies with a 
wide geographic spread therefore usually ran 
into serious problems. In the 1700s it was dis- 
covered that the best solutions were either to 
sub-contract the activities, or to operate a large 
group of partners who could directly supervise 
the different parts of the business. 

The development of the steam engine and 
the subsequent development of the railways 
had a dramatic effect on communication. The 
invention of a durable road surface by 
McAdam, and advances in highway engineer- 
ing by Telford early in the nineteenth century, 
improved transportation. The introduction of 
the penny post by Sir Roland Hill in 1840 and 
by the invention of the needle telegraph in 1837 
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greatly improved communications. Exploita- 
tion of the latter meant that by 1868 most of 
the main towns were connected by telegraph 
lines. Some ten years later the telephone came 
into general use in England and a further step 
forward in the speed and quantity of informa- 
tion flow was made. 

Communication was now adequate to allow 
reasonable supervision of the actions and the 
management of fairly large widely spread fac- 
tories in much the same way as we invisage it 
today. Accounting and audit procedures had 
also developed sufficiently to assist greatly in 
the control of stock and capital. 

Indeed, in the early 1900s the rapidity with 
which some businesses had developed into 
giant organisations led to the need to again 
decentralise many procedures and made it 
necessary to grant some of the larger individual 
factories of the huge companies a considerable 
degree of managerial and financial autonomy. 

The largest companies also often found it 
necessary to appoint managerial and policy 
committees in order to control the actions of 
the company and to decide its future course. 
These committees were, in effect, the authority 
guiding the individual divisions of the group, 
although important day to day decisions were 
normally taken by the Deputy Chairman of the 
Senior Managing Director. 


GROWTH PROBLEMS 


So much for the past; at any rate in this brief 
survey. Nowadays we tend to assume that 
communication in organisations is adequate 
and poses no real constraints. But is it ade- 
quate? What do we lose by poor communica- 
tion, and does it indeed impose any constraints 
upon an organisation? 

According to R Stewart [11] managers 
spend over half their time in conversation. 
Clearly if a manager had more time available 
he would very probably spend more time in 
conversation managing a greater number of 
staff. In fact about 26% of his conversation 
time is spent with subordinates and 8% with 
his boss. Assuming a verbally homogeneous or- 
ganisation (i.e. the same amount of upward and 
downward talking time), this implies an aver- 
age number of subordinates of just over 3 (i.e. 
26 divided by 8). 
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Fic. 1. Organisation barriers for management staff. 


Professor AS Douglas [5] in considering the 
problems of personnel based companies such 
as consulting groups, suggests that the best 
conditions occur when the group has numbers 
of professional staff in the region of either 15, 
40, 70 or 120. As more staff are recruited after 
each of these stages the costs rise dispropor- 
tionately. (See Fig. 1). Each barrier apparently 
causes more problems and the 120 personnel 
level is extremely difficult to pass. 

A factory foreman can ‘control’ large 
numbers of staff since he is mainly required to 
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make quantitative assessments on the output of 
his staff and this can be achieved by a rapid 
examination of the output and scrap records. 
On the other hand, managers and especially 
senior managers, are much more concerned 
with qualitative or subjective assessments. A 
senior manager often has to scrutinise the work 
of his subordinates to ensure that personal bias 
has not influenced their judgment. It is sug- 
gested that it is for these reasons that the aver- 
age of just over 3 subordinates, referred to 
earlier, is obtained. 

If we assume that a management structure 
tends to grow by adding on groups of three 
subordinates, then the numbers of management 
staff at which the organisation will exhibit 
most effectiveness will be 1, 4, 13, 40, 121 ete. 

This is shown diagrammatically in Fig. 2. 

This can be represented mathematically as 
follows: Let K be the numbers of staff that the 
average manager can control directly. Thus the 
optimum levels are: 


Stage O 1 

Stage l 1+K 

Stage2 1+ K+ K? 
Stage3 1+K+K*+K? 


Stagen 1+K+K*+K?... 


Senior Manager 





| 


Three Managers 


Senior Manager 





Three Intermediate Managers 





P| 








Nine Junior Managers 


The first organisation shown in diagram (a) 
has four managers, the second in diagram (b) 
has thirteen, and by adding on a further 

tier a total of forty staff would be obtained. 


FiG. 2. Typical idealised structure. 
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Where n is the number of tiers in the manage- 
ment structure. 

Where optimum numbers O,, for the different 
sizes of management structure are given by the 
formula:- 


On = > K"4 where jis0,1,2,3...n 
j-0 
Suppose that an organisation has managers. 
Then the optimum number of managers on 


either side of this value can be calculated as 
follows: 


The upper value is given by: 


n 
min 


m< 7 K*>. 
j=0 


And the lower value is given by: 


n-1 
bz K*-!-i 
j=0 


Where n is obtained from (i) above. 

This may seem a rather mathematical treat- 
ment for an essentially practical matter, but the 
objective is simply to indicate the probable 
basic mechanism of the process. 

Now suppose that the value of K obtained 
from Rosemary Stewart’s data is taken, then 
the organisation management stability values 
can be recalculated. In place of the values, 1, 4, 
13, 40, 121 etc, for a three subordinate struc- 
ture it will be found that if K is taken to be 
3.25 values of 1, 4, 15, 49, 159 etc, will be 
obtained. Thus it will be seen that there is 
likely to be a moderate amount of flexibility in 
the values depending upon the nature of the 
organisation and the demands made upon a 
manager’s time. 

With the exception of the fourth value these 
roughly match the predictions proposed by 
Douglas [5], viz: 15, 40, 70 and 120. Dis- 
cussions with others indicated some doubt 
about the existence of this particular value [6]. 

It seemed reasonable to suppose that the 
value of K, which has been estimated to aver- 
age 3.25, might not be constant throughout the 
organisation. One might reasonably expect 
that a Technical Director with a first class per- 
sonal assistant, or secretary, would be able to 
handle rather more work than a Manager 
lower down in the organisation who did not 
have this kind of support. Then again it is 
possible that senior men in the organisation 
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probably tend to work longer hours, even if 
some of this time is spent away from the office. 


ANALYSIS OF BRITISH 
MANAGEMENT DATA 


In view of these obvious differences which 
may occur between different levels in an organ- 
isation, it was decided to examine a number of 
company structures in some detail. In 1970 the 
Institute of British Management published 
some 85 different management charts of com- 
panies in 19 industrial groups [7]. It was this 
information which was used in this analysis. 

An attempt was made to divide the manage- 
ment into five different categories, or levels. 
The first category included Managing Direc- 
tors, working Chairmen, and all those at the 
very head of the company or group involved in 
the most important decision processes. The 
second category, called Senior Manager, 
included the specialist directors, such as the 
Technical Director, the Marketing Director, 
the Director of Finance etc. Category number 
three, called simply the Manager level, 
included the average rather senior manager 
such as the Production Manager, the Chief 
Buyer etc. The fourth category was described 
as the Supervisor category, and included most 
of those persons designated Superintendent. 
The fifth and last group were described as 
Section Heads. 

It must be admitted that this attempt to 
categorise managers into groups was rather 
optimistic. Clearly nomenclature varies con- 
siderably, and in some groups a Superinten- 
dent may have the power and authority of a 
Managing Director in other groups. Equally 
some Managing Directors Designate may have 
relatively little authority. Even so, a careful 
examination of the charts indicated a great 
deal of similarity at similar levels, and so the 
method was thought to be worth studying. 

It is worth noting that the mean number of 
subordinates was found to be 3.4 and this is 
extremely close to the value 3.25 which was 
obtained by further analysis of Rosemary 
Stewart’s data. 

A number of f-tests were carried out to test 
the significance of the different categories and 
as there was no significant difference between 
two of the categories, it seemed to be sensible 
to combine these. 
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Thus in many instances there appears to be 
only four categories, or groups, of managers at 
different levels in the organisation having sig- 
nificantly different numbers of subordinates 
reporting to them. 

The groups are as follows: 





Standard 
Deviation 


Average No. of 


Category Group Title Subordinates 





Managing 
Director 
Senior 
Manager 
Manager 
Section 
Head 





These results are shown graphically in 
Fig. 3. It will be seen that the number of 
subordinate staff falls off steadily at each level 
lower down the organisation. At the first stage 
the fall off is rapid, but later the numbers 
decrease more gradually. 

The results of this analysis therefore suggest 
that even in the case of very large companies 
there are usually no more than four levels of 
management above the shop floor level. 
Further increases in size are generally achieved 
by adding on another echelon to the Managing 
Director. Naturally, as an increasing number of 


Divisions are formed the autonomy of each 
becomes correspondingly greater. 


Number of Subordinate Staff 


























a 


Fic. 3. Average number of subordinate staff at various man- 
agement levels. 


This limitation in the practical number of 
management levels continually causes prob- 
lems in growing organisations. It probably 
leads to the Managing Director having to try 
to control more immediate subordinate staff 
than is either sensible or feasible. Some 
Managing Directors appear to deliberately 
inflict problems upon themselves. It was noted 
that the Managing Director of one large Bri- 
tish company with an international reputation 
not only had five subordinates reporting di- 
rectly to him, but also had the tealady report- 
ing to him! 

On the whole, senior management seems to 
work longer hours than junior management, 
although this may not appear to be the case 
superficially. It is rather difficult to obtain 
really reliable figures. Many senior managers 
do claim to work a 70-80 hour week. What is 
fairly certain, however, is that the pressure to 
work longer hours will build up as the number 
of subordinates increases. 


A COMMUNICATION EXPERIMENT 


In an attempt to confirm the organisational 
limitations imposed by verbal communication 
a simple experiment was carried out to deter- 
mine the information loss when a normal busi- 
ness message was passed through a manage- 
ment chain. 

The experiment involved the passage of 
information through three separate chains of 
people and the measurement of the informa- 
tion loss at each stage. The members of the 
chains were required to act the role of a junior 
manager receiving instructions, and subse- 
quently some 2hours later, to perform the 
functions of a senior manager passing instruc- 
tions to junior staff. 

The message which was passed along the 
chains was, it is hoped, fairly typical of the 
kind of management instruction which might 
have been expected in the particular organis- 
ation in which the study was carried out. It 
consisted of one main message, and two other 
smaller additional messages which were subsi- 
diary and not related to the main theme. 

The people in one chain, consisting of nine 
persons, had specific knowledge of the type of 
work being discussed. However, the members 
of the other chains, one of which was nine 
people long and the other six people, did not 
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have this kind of experience, although they did 
possess experience in related fields. 

The participants were asked to behave in a 
normal manner, as far as this was possible, 
being also permitted to take notes if this was 
their normal practice. After a two hour delay 
the recipient of the information was required to 
pass on the message to the next person in the 
chain. During the interviews all conversations 
were recorded, and a continuous photographic 
record was made of any drawings or sketches 
at various stages as they were constructed so 
that they could be matched to the verbal 
record. 

The analysis of the data obtained in the ex- 
periment proved to be a lengthy task. More- 
over, before the losses could be estimated it 
was necessary to devise some means of quanti- 
fying and classifying the information in the ori- 
ginal message. 


THE CLASSIFICATION OF 
VERBAL AND WRITTEN 
INFORMATION 


The first fairly obvious step appeared to be 
to try to split the communication into its smal- 
lest meaningful parts. In computer jargon the 


word ‘bit’ is used for the smallest element of 
information, and since in this case a bit is 
either 0 or 1, it is very easy to define for this 
particular situation. The definition of a high 
level language bit presents a much greater 
problem. However, the idea of splitting the 
information down into the smallest meaningful 
parts appeared to provide a_ reasonable 
approach. After some thought it was decided to 
continue to use the word ‘bit’ rather than add 
to the ever growing technical vocabulary by 
using a name such as S-bit or sebit, to rep- 
resent a semantic information bit. 

It is therefore suggested that a verbal or 
written communication ‘bit’ be defined as fol- 
lows: 


Bit 
A bit is defined as a word, or a number of 
words, carrying a piece of information which 
could not, sensibly, be subdivided any further. 
An examination of the general content of a 
number of communications revealed that the 


information they contained could vary con- 
siderably in its value. As a rule it seemed that 
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the information was either essential to the 
main theme of the message, or it provided sup- 
plementary data intended to support the main 
theme, or else it was almost completely unim- 
portant and probably merely a time wasting 
exercise to hold attention until the next 
thought to be communicated occurred. 

It is therefore suggested that three main 
information categories be adopted, these being 
defined as follows: 

Primary bits: Primary bits carry the essential 
features of the message and enable any necess- 
ary decisions to be made, or any actions to be 
taken. 

Secondary bits: Secondary bits provide infor- 
mation which is subsidiary to the main mess- 
age and which often helps to explain or to sup- 
plement the primary. Secondary information 
does not, in itself, require any primary actions 
to be taken, although it may clarify the reasons 
for action requirements conveyed by the 
primary bits. 

General bits: General bits do not carry any 
real message data or supporting secondary 
information, but they may indicate the state 
existing between people. Remarks like ‘I see’ 
which provides feedback, but has no primary 
or secondary message content, would be an 
example; as would ‘let me see now’, which im- 
plies that the speaker needs thinking time, or 
has not quite absorbed the previous informa- 
tion. 

During the task of assessing and analysing 
the information loss between each of the links 
in the communications chain it became evident 
that the simple classifications of primary, 
secondary, and general bits of information 
were inadequate to understand and to develop 
an effective model of the loss process. 

At some stages primary or secondary infor- 
mation was added to the message, and the term 
‘stage added primary’ was used to describe this 
phenomenon. Sometimes the person relaying 
the message would recognise that he had made 
a mistake in adding a bit and would subse- 
quently negate it. This gave rise to various 
kinds of ‘negated bits’. Quite often bits of infor- 
mation were repeated in order to drive home 
the message, and so it was found necessary to 
use the expressions ‘repeated primary’ and 
‘repeated secondary’. It was discovered that it 
was advisable to subdivide the primary infor- 
mation bits into some ten different categories. 
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Similarly, it was found to be sensible to divide 
the secondary bits into a similar number of 
sub-groups, but there seemed little point in 
attempting to subdivide the general bits into 
different types in view of its extremely low 
information content. It is therefore suggested 
that a total of twenty-one different categories 
of information bits should be recognised. 


CODING THE INFORMATION 


In view of the length of the verbal message 
and the problems in analysing the data, it was 


oO Primary bit. 
i= Negated primary bit. 


Stage added primary bit. 


8 


Negated stage added primary bit. 


Added primary bit. 


Repeated primary bit. 


co 8 


Repeated negated primary bit. 


en 


Repeated stage added primary bit. 


et 
s 


Repeated negated stage added primary bit. 


eH 


em 


Repeated added primary bit. 


Secondary bit. 


Negated secondary bit. 


Stage added secondary bit. 


Negated stage added secondary bit. 


Added secondary bit. 


Repeated added secondary bit. 


Repeated negated secondary bit. 


Repeated stage added secondary bit. 


Repeated negated stage added secondary bit. 


Repeated added secondary bit. 


ed SG eGHeD 00 FG SG FG OD O 


General bit. 


decided to adopt a simple coding system in 
which the various types of primary bits were 
represented by square symbols, and the differ- 
ent types of secondary bits by circular symbols. 

The code opposite was devised in order to 
distinguish between the different types of 
information and to simplify the presentation of 
the results. 

It will be seen that a dot beneath the bit 
symbol signifies an information bit which 
repeats information previously given. The posi- 
tive and negative symbols inside the square or 
circle, indicate the addition or negation of 
information respectively. The stage at which a 
new bit of data enters the message is denoted 
by an additional vertical stroke to the positive 
sign, and since this is sometimes negated at the 
same stage when the speaker realises he has got 
things wrong, it is necessary to have a symbol 
with a double negative stroke to indicate this 
negated data. 


ANALYSIS OF THE 
COMMUNICATION EXPERIMENT 


The experimental data was transcribed from 
the magnetic tape recordings of the conver- 
sations into a written form. The content of the 
original message was then carefully broken 
down into the different types of bit and the 
number in each category was listed. The 
primary bits in the original conversations were 
also numbered so that changes in sequence 
could be studied. 

It was found that the average original con- 
versation, or message, contained approximately 
47 primary bits, some 15 secondary, and 26 
general bits. However, when repetitions, nega- 
tions etc, were added the average total number 
of bits was found to be 114, and discussion 
averaged 6.5 min with a standard deviation of 
just less than 3 min. 

This implies an average bit delivery time of 
about 3.4 sec and a primary bit delivery time of 
8.3 sec. Moreover, since the number of words 
in a bit is normally not more than three or 
four, and sometimes only one, it follows that 
the entire primary message content could have 
been delivered in roughly 2 min. The additional 
time was taken with secondary information, 
natural pauses, and unimportant joining 
phrases etc. The value of this additional time is 
not clear, but it probably gives the information 
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LINK 2. 


LINK 3. 


LINK 4. 


LINK 5. 


LINK 6. 


LINK 7. 


ecoomOo0oDD gO ennoOoe@egoonnHe? 
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Qe@oo 
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esOOS00000Hee eefOUe00008 


BOOODOBOBOO0BO0OCO OOBODDBOBODOBDO OAD 


Fic. 4. Typical information patterns. 


recipient more time to memorise the primary 
bits. 

With joining words etc, it was found that 
about four words were required to deliver one 
semantic information bit. Since there are, on 
average, approximately five characters per 
word plus a following blank space we can 
express the binary bits of Weaver-Shannon 
communication theories in terms of the seman- 
tic information bit. There are also a total of 36 
alphabetic and numerical characters which 
together with blank make 37 symbols. (Theore- 
tically we should really consider the number of 
phonetic sounds for verbal conversation). Thus 
one semantic information bit 

= 6 x 4 x log, 37 
= 125 binary bits. 

In normal conversation only one semantic 
information bit is delivered every 8.3 sec i.e. 
about 15 binary bits a second. By speaking 
very quickly it is, however, possible to deliver 5 
words a second or about 156 binary bits a 
second. 

Although this equivalence is interesting, in 
my opinion it is much more meaningful to talk 
about semantic information bits than binaries, 
since one is not consciously remembering bi- 
nary bits, but pieces of semantic information. 

The way in which the information is trans- 
mitted is shown diagrammatically in Fig. 4, 
using the code described earlier. It will be 
noted that there is a variation in the method of 
bit delivery. The first person in the chain deli- 
vered three primary bits, followed by two 
primary repeats, and so on, whilst the second 
person gave six primaries before giving a 


repeat. The seventh person in the chain gave 
no less than 29 primary bits before giving a 
primary repeat, although he did throw in 
several secondary bits in between. 


INFORMATION LOSS 


The rate of primary bit loss was very con- 
siderable during the early stages of message 
transmission along the chains. Figure 5 shows 
a plot of the primary attenuation and indicates 
that the loss is much less severe at later stages 
in the chain. The number of primary repeats 
and secondary information appear to have vir- 
tually no effect on the primary loss, since the 
correlation coefficient was very low indeed. 

The reasons for the changing rate of primary 
loss were carefully examined and it was dis- 
covered that it was principally the numerical 


Chain Nol —o— 
Chain No2 —x— 
Chain No3 —+.— 


‘Experts’ 


Primary Bits 








Link 
Fic. 5. Loss of primary bits in passage of information 
through a chain of managers. 
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bits which were persistently retained. A com- 
parison of these bits with those recorded in the 
form of personal notes during the discussion 
indicated that the written bits were largely 
composed of this kind of numerical informa- 
tion which the notetaker believed to be impor- 
tant, and which were unlikely to be remem- 
bered without some aid. 

It was found that the quantity of written bits 
remained fairly constant throughout the 
chains, which were up to nine persons in 
length, and that statistically there was no sig- 
nificant difference in the number of written bits 
at the beginning and ends of the chains. The 
information loss therefore largely occurs with 
those bits which are not recorded, and this loss, 
which is appreciable, does not vary signifi- 
cantly in percentage throughout the chain. 

An analysis of the data for these three chains 
indicated that if the written primary data was 
discounted, the average percentage primary 
loss between each stage was approx 38%. Thus 
the percentage information transmitted 6 aver- 
aged 62%. 

Hence, the information transmitted between 
the first link is given by: 

oP; = HoPo — wP1) + wPi 
where 


= the number of original primary bits. 
= the number of original primary bits 


remaining after the message has 
passed the first stage. 


@ = the transmission factor. 


wP, = the number of primary bits written 
down during the first stage of the 
information transfer. 


Similarly for the nth stage, 


oP, = WoPn-1 — wPn) + wPn 
If the written bits are regarded as a constant 
C, which although not strictly true appears to 
be reasonable in practice, then the primary 
information present at the nth stage which 
remains after the message has been transmitted 
from the nth to the kth stage is given by: 


af uen _ O- "(Po on C) + Cc 
where 


nPo = the number primary bits at stage n 

and 

= the number of primary bits present at 
stage n which are also present k 


stages later. 


SIMULATION 


The mean number of written bits was found 
to be 18. It was therefore possible to calculate 
the expected loss at each stage in the chains 
using the above formula. For simplicity @ was 
taken to be 0.6 and C as 18 since this had been 
found to be the mean value. 

Hence, the number of bits after the first 
transmission is given by: 

oP: = WoPo = wP1) + wPi 
= 0.6 (47 — 18) + 18 = 35 (P must be integer). 
Similarly the values of oP2, oP3, ...oP, were 
found by iteration and the results are plotted in 
Fig. 6. It is possible to carry out more complex 
simulations by sampling from the various dis- 
tributions to obtain values for 6 and ,,P at each 
stage. This kind of simulation, which can be 
readily carried out on a computer, gives an 
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Fic. 6. Simulation of primary loss. 
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Fic. 7. Fundamentals of the loss process. 


indication of the way in which the information 
loss may vary when a message is passed 
through a number of similar chains. 

In this connection it should be noted that 6 
appears to reasonably approximate to the nor- 
mal distribution with a mean of 0.62 and a 
standard deviation of 0.20. The written bits 
appeared to be equivalent to two distributions, 
one of which has a mean of zero and the other 
seemed to be rectangular. In other words 
occasionally some people will take no notes at 
all, but when they do so they apparently make 
roughly the same number. 

The fundamentals of the loss process are 
shown in Fig. 7, but for a better computer 
simulation of verbal information loss the flow 
chart shown in Fig. 8 should be used. 


DISTORTION 


The message may suffer distortion in several 
ways. Firstly the bits may be displaced as they 


are transmitted through the chain. This is 
shown clearly in Fig. 9. It will be seen that 
where bits are badly displaced by one person 
they are often brought back into a more sen- 
sible position by the next person in the chain. 

Secondly, as primary bits are lost it becomes 
increasingly difficult to get the message to 
make sense, and to understand the instructions 
conveyed therein. The loss of bits occurs in a 
fairly random manner although, of course, 
there is some correlation of loss between adja- 
cent bits since speech itself is usually corre- 
lated. In addition, a number of bits virtually 
act as partial reinforcement for others, al- 
though they themselves convey separate infor- 
mation. 

It might be expected that as bits were lost, 
and the message became less clear, vigorous 
clarification would be sought. In practice this 
did not appear to happen, and although more 
questions were asked in the latter stages when 
very large losses had occurred, the people im- 
parting the message invariably professed to 
understand it at first, even though subsequent 
questions from the next member in the chain 
indicated that they were far from happy. 

This need to appear fully knowledgeable 
may be responsible for much of the distortion 
in verbal message transmission. No matter how 
much information is lost the communication 
still has to make sense to the next person in the 
chain. It is therefore necessary to rationalise 
the available information at all times. This pro- 
cedure causes new primary bits of information 
to be added into the communication. These 
may well be misleading and are sometimes 
totally incorrect. 

An analysis of these added primary bits 
yielded the following information about the 
nature and effect of these bits: 


Beneficial 

No effect 

Rather unsatisfactory 
Very damaging 


Total added primary 


RATIONALISATION ROUTINES 


The way in which these ‘rationalisation rou- 
tines’ operated on the message in the three 
chains was very interesting. Basically, the prin- 
cipal information which was contained in the 
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Fic. 8. Flow chart of verbal information loss. 


original message and passed through the 
chains of the organisation, explained that it 
was necessary to construct a new type of press- 
ure gauge and detailed how this was to be car- 
ried out. It also stated that there was to be a 
group meeting the following week to discuss 


group policy. Finally it was mentioned that a 
number of American scientists would be mak- 
ing a visit in a few months time and should be 
taken on tour around the laboratories. 

At first all the three messages remained dis- 
tinctly separate as they were passed down the 
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chain, but as more bits were lost the rationali- 
sation process began to merge them together. 
Finally, at the end of the chain the gist of the 
message was that a new transducer was to be 
designed... it was not very clear how this was 
to be made, but this would be explained at a 
meeting next week ... the transducer was to be 
demonstrated to a group of visiting Americans! 
The similarity of the way in which the mess- 
age was merged in the three separate chains 
was remarkable, and even towards the tail-end 
of the chains the information was usually 
superficially sensible, even if incorrect. 


OTHER PSYCHOLOGICAL 
EFFECTS 


It is worth noting that, on the basis of a 
t-test for population means, the added primary 
appeared to be slightly less rapidly attenuated 
than the original primary. This is difficult to 
understand in that it seems to imply that fic- 
tion is more plausible than fact, since it 
appears to be more easily remembered. It 
seems that because some of the added primary 
is ‘invented’ in order to make a good story, the 
information is more easily remembered as a 
result of the increased comprehensibility. 

A paired t-test also revealed that, in general, 
people believed that they passed on a signifi- 
cantly greater amount of information than was 
actually the case. However, at the ends of the 
chains, where the information was very dis- 
torted, people were far less optimistic, and if 
anything they tended to be pessimistic. A 2 x 2 
contingency table and the chi-squared test indi- 


Percentage Happiness 





299 


cated a very significant difference in this re- 
spect between the views of the people in the 
first and second halves of the chains (72 999). 

After the experiment the participants were 
asked how happy they would have been to 
have acted on the instructions which they 
received. The results of this test are plotted in 
Fig. 10. It will be seen that when 45% of the 
original primary has been lost there is a signifi- 
cant drop in the ‘happiness’ of the people 
carrying out the instructions. 

This closely supports an estimate which was 
made at an earlier stage of the data analysis, 
that when more than 50% of the bits are lost 
messages quickly begin to lose their compre- 
hensibility. The 50% value had been estimated 


’ by taking various texts and deleting bits in a 


random manner. It was found that when just 
over half of the bits had been removed it was 
difficult to formulate a coherent interpretation 
to the message. 

If ‘happiness with the message’ and ‘intelligi- 
bility’ are accepted as being the same par- 
ameter, then taking the data given in Fig. 10, it 
is possible to derive the following simple for- 
mula for intelligibility: 


Percentage Intelligibility 


P,-—4 
= 50} 1 + tanh{ 2 —— 
17 


Where P, = percentage of the Original Primary 


The foregoing are fairly important psychologi- 
cal effects which seem to be very plausible, but 
they were far less obvious before the experi- 
ment. 








! 
90 100 


Percentage Original Primary 


Fic. 10. ‘Happiness’ of recipient with message with various levels of original primary remaining. 
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THE PROBABILITY OF WRONG 
ACTIONS OR NO ACTION 


It is the loss of the original primary informa- 
tion which affects the actions resulting from the 
attenuated communication. If all the primary 
bits are lost no actions will take place unless 
there is considerable autonomy of decision 
along the chain at lower levels in the hierarchy. 

It is probable that action taking is not di- 
rectly proportional to the number of primary 
bits transmitted, but whether or not some form 
of action is taken may well bear some near 
linear relationship. However, the efficiency 
with which actions are undertaken may well be 
more closely correlated with the ‘happiness 
factor’ shown earlier in Fig. 10. 

The probability that a seriously incorrect 
action is taken is likely to be related to the 
number of added primary bits which have a 
seriously damaging effect. It is therefore worth 
considering the action of the added primary a 
little more carefully. 

The experiment indicated that about 30% of 
the added primary was ‘very seriously damag- 
ing. This meant that almost the complete 
opposite meaning to that conveyed by the ori- 
ginal message was conferred by the addition of 
the new bit. Analysis showed that there was a 
probability of 0.074 of producing a very 
damaging added primary bit per unit of origi- 
nal primary transferred. In other words some 
74 very damaging bits were added for every 
1000 original primary passed on. It is almost 
certain that this is far too simple a model since 
much of the damaging added primary occurs 
later in the chains when the original data is 
much reduced. 


THE EFFECTS ON COMPANY 
STRUCTURE 


There are a number of interesting conclu- 
sions arising from the experiment. The first is 
that the decentralisation of control in organis- 
ations is by no means an accidental process. 
This may be explained as follows: As a very 
general guide it seems reasonable to suppose 
that the number of junior managers who can 
be supervised by one senior manager is about 
3.25. This follows from an analysis of Rose- 
mary Stewart’s data [11] and from a careful 
analysis the organisation structure charts for 


19 major industries [7]. However, the precise 
number of persons reporting at different levels 
does appear to vary with the level, and by 
using a significant test on means, four distinct 
quantities and levels were isolated. 

In most organisations verbal communication 
forms an essential part of the day to day func- 
tional activities. The communication experi- 
ment indicated that the limits of reasonably 
comprehensible verbal information transfer 
was four, or at the most five, persons in the 
chain. This implies a limitation of the number 
of management tiers which can be employed if 
the organisation is to remain effective. 

Analysis of the company data mentioned 
earlier in [7], gave agreement with these find- 
ings and confirmed the theoretical limits for 
effective management of between 150 and 350 
managers per autonomous, or _ semi- 
autonomous, unit, the more optimal values 


‘ being closer to the lower level. 


Clearly there are various practical ways of 
improving the situation. Information feed-back 
systems can be arranged and more memoranda 
and paperwork can be circulated. It is therefore 
obviously no accident that the paperwork in- 
creases as the size of the company increases. 


Equally, it is not accidental that the large hier- 
archical structure of Civil Servants in White- 
hall circulate a great deal of information on 
files. The ‘red tape’ of paperwork may be ex- 
tremely time consuming, but in the past it has 
been essential to the large organisation, if the 
organisation was to function at all. 


RECENTRALISATION OF 
DECISION MAKING 


The future may yield a rather different type 
of organisation structure to that which has pre- 
vailed in the past. Electrical technology has 
now provided the facilities for information sys- 
tems, but the implementation of these has been 
slow. The advantages have not always been ap- 
preciated and some organisations have surpris- 
ingly little idea of what information is impor- 
tant to them. 

The idea of a Management Board sitting 
semi-permanently in a large Cape Kennedy 
type control complex, with their eyes glued to 
visual display units may be difficult to accept 
now, but it could happen in the future. This 
could create a swing away from the autono- 





Omega, Vol. 8, No. 3 301 


mous decentralised units, and mean that much 
larger hierarchical structures could be sup- 
ported by virtue of the improved information 
flow. There are, however, relatively few signs 
that this kind of recentralisation is about to 
take place. 

It must also be remembered that it is now 
possible by means of elaborate computer 
models to deduce the effects of changes in mar- 
kets, or material costs, on product costs, and to 
quickly determine the effect on total group per- 
formance. In this way, within a matter of a few 
minutes, central management can reassess the 
effect of changes on policy so that any necess- 
ary adjustments can be made. 

Decision making may therefore once more 
become a much more central process. Indeed, 
one man alone, can make a very large number 
of decisions in a short time, provided the infor- 
mation is presented to him clearly. A fairly 
large portion of the management structure may 
therefore be concerned with very detailed 
analysis of the data to ensure its validity before 
it is passed upwards for a decision. 

Under a centralised process competent deci- 
sion makers should tend to emerge naturally 
since their views will have been recorded. 


Moreover the validity of the opinions of junior 
staff will be rather easier to observe. Even so, 
there will still be an appreciable step between 
detecting a wrong decision, and following 
through a correct decision with a subsequent 
series of decisions to a satisfactory outcome. 


CONCLUSIONS 


An organisation, in which messages are effec- 
tive, needs to be structured in such a way that 
only a limited number of verbal information 
transfers take place. The design of checking 
systems, and feed-back loops in critical situ- 
ations is also important. To this end the data 
given in this paper should enable estimates to 
be made of the probability of the loss, or dis- 
tortion, in message transmission. If this prob- 
ability turns out to be high, necessary safe- 
guards can then be built into the system. 

In normal management situations it seems 
likely that four, or at the most five, tiers in the 
management structure can be tolerated. The 
communication experiment shows that beyond 
this stage some devolution of responsibilities 
appears to be necessary, and this tends to be 
confirmed in practice, [7]. In critical situations 


parallel chains, feed-back systems, and electri- 
cal message transmission must be considered. 
Even with these precautions, it is at all times 
necessary to ensure that misunderstandings do 
not occur due to different ‘models of the 
world’. Failure to supply information is as bad 
as losing it in the transmission process, and the 
man who has to decide what to do next has 
then only his own belief system on which he 
can rely. 
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This paper is an attempt to place the forecasting of socio-political variables in the context of actual 
information needs of industrial companies. Initially discussion is of the effect of socio-political 
variables upon companies with a review of this significance -or decision makers and decision takers. 
An attempt is then made to categorise existing forecasting techniques in the context of socio- 
political data whilst regard is paid to the possible effects of socio-political variables on companies. 
Discussion is then broadened to a consideration of current practice both in the UK and in the USA. 
Problems implicit in current practice are commented upon and the paper ends with the conclusion 
that socio-political forecasting is currently significant to many companies and that there is a major 
potential role for management scientists to play in the development and implementation of appro- 


priate techniques. 


INTRODUCTION 


BY THE END of 1977 the authors had, in com- 
mon with many others involved in business 
enterprises, become very aware of the increas- 
‘ing interdependence between Government, 
Unions, Pressure or Interest groups and Busi- 
nesses. This awareness led to speculation as to 
what extent company Management Informa- 
tion Systems, historically geared to gathering 
endogenous data, were able to adapt to the 
gathering and interpretation of data exogenous 
to the company ‘system’. Hence a research 
project was launched initially to consider the 
relationship between the socio-political en- 
vironment and businesses and later, should a 
relationship be found both to exist and be of 
importance to companies, to extend the initial 
project by examining how Management Infor- 
mation Systems attempted to utilise socio- 
political inputs. The initial project was com- 
pleted last year and the results have been 
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published by the present authors[1]. The 
results indicated that the subject was of suffi- 
cient importance to warrant the running of the 
second stage of the project and a series of re- 
search interviews are being carried out with a 
small number of major British based companies. 
The authors were surprised how little work 
had been undertaken in this area. Certainly 
many papers and articles have been written in 
an attempt to persuade companies to be 
‘socially responsible’ on the assumption that 
they are not so at present. A number of papers 
have sought to convince managers that com- 
panies need to be aware of social changes. But 
the authors have found no empirical work 
which attempts to describe the current ‘state of 
the art’ of the subject in the United Kingdom 
and only one paper, by Kenneth E Newgren 
[2], which attempts to describe the American 
experience. This paper is based upon 1975 data 
and must be considered definitive of American 
practice at present pending the completion of a 
current SRI Incorporated research project. 
The proposition that Government, Unions, 
Pressure Groups and Businesses were becom- 
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ing increasingly interdependent is now unex- 
ceptionable although we doubt that it would 
have been entertained by many prior to the 
1960s. The total environment of organisations 
has radically changed and whatever the nature 
of that change, the information gathering and 
processing systems of companies have needed 
to respond for, without a response, companies 


would be less able to survive profitably than . 


otherwise they might. The response of the or- 
ganisation will depend upon many variables 
such as resources available, the conceptual abi- 
lity of, and the analytical tools available to the 
organisation, the management style and man- 
agement culture but above all on the organis- 
ation’s ability to define the problem and its 
relevance to the organisation’s activities. 

Organisations have many objectives, both 
economic and non-economic but whatever the 
organisation, a prime consideration will be sur- 
vival. For a business, survival will in a large 
part depend upon the company’s ability to 
identify and seize opportunities as they are 
continually opening for the company, whilst 
identifying and planning to avoid the penalties 
consequent on threats posed to the organis- 
ation. The experience of the mechanical and 
semiconductor watch manufacturers exempli- 
fies this point. Assuming that the company 
does have a certain freedom of movement then 
it is likely to set up a management information 
system which will be dedicated to the task of 
business assessment and business planning. 
Conventionally we describe this activity as 
corporate planning though this is not to imply 
that such planning can or is only to be under- 
taken in a formally established corporate plan- 
ning department. 

Within the corporate planning function, 
many variables will be considered and forecast. 
The authors’ research indicates that the fore- 
casting, or futures perspective, of the com- 
pany, if explicitly considered, will be split into 
three categories: Economic, Technological and 
Socio-Political. Typically the economic cate- 
gory will be definable, ex post, as a model, at 
whatever level of sophistication, containing 
macroeconomic assumptions and_ variables 
pertaining to the performance of the national 
or international economy, the industry and the 
company. This appears to be a relatively well 
established element of corporate planning. The 
technological category will not take such a 


cohesive form but will rather be a collection of 
forecasting techniques applied as the com- 
pany’s needs and the forecaster’s ability dictate. 
The third category, the subject of this paper, is 
more difficult to define for it encompasses all 
influences on the company from the social and 
political environment in which the company 
operates. This does not imply that the social 
environment of companies will be uniform, 
indeed it would be surprising if this were so. As 
a working definition for the purpose of this 
paper, it will be assumed that social forecasting 
will be concerned to understand all changes in 
society that may have a direct bearing on a 
company’s activities. In practice, it must be 
added that the label ‘social forecasting’ tends 
not to be defined by companies in a rigorous 
way; rather it is a ‘bucket’ category containing 
all forecasting that is not specifically economic 
or technological. 

It follows that any business that seeks to sur- 
vive in the long term, say over 20 years, will 
logically wish to consider the impact of society 
on the company and of the company on 
society. Furthermore it would be expected that 
such considerations would need to be part of 
the company’s Management Information Sys- 
tem and would be the immediate responsibility 
of the head of corporate planning or some 
broadly equivalent role. 

The problem facing him is, therefore, to 
understand the social environment of the com- 
pany, the effect of the social environment upon 
the company and to find a way in which rele- 
vant information can be fed into the company’s 
Management Information System whilst ensur- 
ing that the cost of the effort in cash, manage- 
ment time and options foregone is justified. 

Briefly socio-political events may be categor- 
ised as stemming from a trend, a turning point 
or a random disturbance. 

A trend implies that the current situation is a 
logical development of past situations. Often it 
is possible using statistical techniques to con- 
ceptualise the trend in the form of an equation. 
With socio-political change, the analysis of 
trends is fraught with practical difficulties. 
Take as an example the apparent trend 
towards increasing participation in the control 
of organisations, and in this context consider 
society to be just another organisation. This 
trend may be taken to run from the divine 
right of the monarchy to govern, through feu- 
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dalism, the ascendancy of the merchant class, 
the formation of a large middle class, to press- 
ure from unionised labour for industrial 
democracy. Ex post a case may be made out 
for such a trend but at what point on this trend 
is it possible to predict, with a reasonable 
probability of success, the most likely develop- 
ment? What is the data for this trend? Is the 
trend merely subjective with no existence in 
reality? 

The concept of a socio-political trend, 
though difficult to operationalise, is of ovious 
heuristic value. The concept of a turning point 
is less approachable but in essence it is that at 
some point in time an occurrence in the socio- 
political environment will cause the environ- 
ment to change discretely: for example, a poli- 
tical revolution or a coup d’état. Immediately 
one considers the possibility that such an event 
represents a form of cyclical behaviour and 
thus a more sophisticated method of trend 
analysis should be applied. But look again at 
the practical constraints: there is still no clear 
link between events; the data is still inade- 
quate; future possible states are still infinite; 
and there is in all probability no way of defin- 
ing the necessary and sufficient conditions for 
the event. In cybernetic terms, the systems var- 
iety of society is enormous. 

Finally, consider the random disturbance or 
event: a change that occurs without prior 
warning such as the assassination of a major 
_ company chairman by a deranged individual 
claiming to be making a personal protest 
against the impersonal nature of society. Surely 
this can be handled by a probability calcula- 
tion? This again is not as simple as it looks. 
What factors need we consider in our calcuia- 
tion? Is any socio-political event truly random? 
What do we attempt to calculate probabilities 
for? 

To date the project has revealed no one who 
is happy with his or her understanding of the 
mechanism and process of socio-political 
change. This is no surprise but it is still impera- 
tive that companies take a view of socio- 
political change and incorporate it into their 
long range planning. 

The effect of socio-political change on the 
company is no more straightforward. The effect 
may be dichotomised into good or bad, may be 
analysed in the context of time before the effect 
is felt or in many other ways. It is suggested 


that a useful approach, in view of the require- 
ments of strategic planning, would be to cate- 
gorise initially by the extent of effect. This may 
be done with the use of four categories: 


First order: When the company alone is 
affected 

Second order: When an industry is affected 

Third order: When all, or most, companies 
are affected 

Fourth order: When virtually everything in 
society is affected. 


Examples of these effects could be an attack 
by a pressure group on a specific company such 
as that experienced by Lonrho, a general attack 
on an industry’s products such as that directed 
by Ralph Nader against the US motor 
industry, the effect of the Portuguese revolu- 
tion on all companies operating in Portugal 
and finally a nuclear war fought in Europe. 
Clearly the company response would need to 
be different in each case but it is likely that a 
first order effect will require a rapid response, a 
second and third order a medium response and 
a fourth order a long term response or perhaps 
no response at all. It is also clear that any real 
environmental change will concern more than 
one of the analytical levels suggested. 

It should not be necessary to argue the need 
to input appropriately socio-political data to 
the Management Information System for this is 
a problem that effects all management informa- 
tion though there is perhaps more initial resist- 
ance to this than to more traditional inputs. 
Similarly the need to cost justify the activity is 
no different from any other activity in the MIS 
area though as one respondent to our research 
inquiry told us the visible cost of the activity is 
minute in relationship to the company’s turn- 
over (in this case a mere £100,000 which is 
small when one considers that the company 
concerned is one of the ten largest UK con- 
cerns) but the real cost is that of missing an 
unlikely but vital change or of providing wrong 
information. This point has a topical signifi- 
cance for, as was reported in the papers on the 
2ist January 1979, BP and Esso failed to apply 
to the Price Commission for permission to 
raise oil prices before the deadline of the 16th 
January 1979 thus failing to pre-empt the new 
prices bill. A senior executive was reported as 
saying “Well it at least disproves the theory of 
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the much vaunted political power and clever- 
ness of the oil companies. Esso and BP deserve 
to be shot for political negligence”. One may 
only guess at the cost of this omission to the 
companies and the industry but it is likely to 
be far more than the cost of the year’s socio- 
political forecasting effort. 


The problem for the top manager 


Consider the perspective of the decision 
taker, for whom the information is to be pro- 
vided. The decision taker 


(1) Knows that the world is experiencing con- 
tinuous socio-political change. 


(2) Knows that some of the changes could be 
important if not critical to the company. 


(3) Knows that most changes will be peripheral 
if not irrelevant to the company. 


(4) Needs to be informed by his MIS of the 
likely significant changes and their timing. 


(5) Needs to have confidence in the system. 


(6) Does not have time to consider information 


that does not address real areas of company 
concern. 


The decision taker thus has a specific problem 
and one which his Management Information 
System should be equipped to help with. What 
is currently available? 


CURRENT METHODOLOGY 


It is not appropriate, in this paper, to pro- 
vide a detailed discussion of all the techniques 
in the literature but it is necessary to categorise 
the techniques used. The categorisation that 
follows is to some extent arbitrary but it is 
useful as it enables techniques to be ranked 
with consideration to the cost of the exercise to 
the company. 

The first, and perhaps the most widely used, 
method if hardly a technique, is that of formal 
or informal personal contact. This may involve 
regular discussions with colleagues, members of 
other organisations such as government, trades 
unions, interest groups and trades associations 
or may be informal and irregular such as dis- 
cussions with friends and acquaintances. Two 
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respondents to the initial survey, for example, 
both of whose. companies were based in rela- 
tively well defined rural areas, drew attention 
to the value of informal discussions with those 
involved in the local community. In one case 
the respondent relied on a socially active 
family whilst the other gained some useful 
insights from the ferryman whose craft linked 
the two halves of the town. This approach was 
found to be used at many levels in companies. 

The second definable technique is that of 
regular review. This usually takes the form of 
content analysis of news media, specific brief- 
ings, whether internal or brought from outside 
bodies, and exceptionally option papers. The 
key to the success of this is that for a relatively 
small cost, senior management can be provided 
with a current briefing on socio-political 
matters that may affect the company. This 
technique has been borrowed unchanged from 
technological forecasting. 

Both the above will be recognised as being 
present in almost all organisations and neither 
are specifically forecasting techniques, the fore- 
cast being the conclusions drawn by the par- 
ticipants. 

The third technique, is that of curve fitting 
and regression analysis. This technique, 
depending upon the data available, may be 
both cheap and powerful and has, of course, 
proved effective in economic forecasting. The 
difficulty when applied to socio-political fore- 
casting is that data are often unavailable either 
because it has not been collected in the past or 
because quantification does not seem possible. 
Nonetheless where data are available the tech- 
nique may be of use though it is always necess- 
ary to examine forcasts critically. 

The fourth technique, or class of technique, 
is expert assessment, typically used in the gen- 
eration of scenarios. The scenarios may be 
written by consultants or staff members, either 
alone or with the assistance of a Delphi panel, 
and may be produced as one-off exercises, as in 
the case of the 1975 British Rail Delphi, or 
regularly as part of the planning process, as at 
Shell. The Delphi method appears to have been 
taken from technological forecasting whilst 
scenario writing, though undoubtedly contain- 
ing elements of technological forecasting, is the 
nearest that socio-political forecasting has yet 
come to developing its methodology. Values 
profiles and probability/diffusion matrices (see, 
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for example, IH Wilson[4]}) fall into the same 
broad category. 

The final two techniques cross-impact analy- 
sis and morphological analysis have also been 
borrowed from technological forecasting. Both 
techniques are concerned to relate the inter- 
actions between socio-political variables in an 
attempt to define possible or likely outcomes. 
There is little evidence that this approach is 
widely used in any formalised way; indeed the 
only specific study the survey revealed was one 
concerned to investigate the interactions 
amongst factors affecting pension funding. 

These are the most frequently used tech- 
niques. There are, however, two further 
approaches that must be included for com- 
pleteness. 

First, simulation using system dynamics. 
Though system dynamics is now showing its 
usefulness in a number of industrial situations, 
the number of variables implied by socio- 
political change makes the general application 
of simulation rather esoteric at present. The 
survey discovered only one company which has 
even contemplated using it in the context of 
socio-political forecasting: the application con- 
sidered is that of labour movements and job 
opportunities in a specific geographical area 
and, though the technique seems _ entirely 
appropriate, it is likely that the expenditure 
involved will be too high to justify the results. 

Secondly, that of changing the organisation 
. o that it is more closely coupled to the change 
occurring. This has been expressed by RL Ack- 
off [1] in various forms e.g. the adaptivizing 
system, for some time. Unsurprisingly this is a 
possibility that some, both inside and outside 
government, find appealing whilst many others 
find appalling. There is no evidence that this is 
at present a serious option for companies 


TABLE 1. APPROACHES TO SOCIO-POLITICAL FORECASTING 





. Direct personal contact 

. Regular review 

. Statistical curve-fitting 

. Scenario development 
(Including use of matrices, e.g. of org. var. v env. var.) 

. Delphi 

. Values profiles 

. Probability/diffusion matrices 

. Cross-impact analysis 

. Morphological analysis 

. Models and analyses drawn from social sciences 

. System dynamics simulation 

. Changing the organisation itself 


subjective 
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though possible changes in the Companies 
Acts could move slightly in this direction. This, 
of course, is not a forecasting technique in the 
conventional sense but the functional effect 
would be similar. A complete list is given in 
Table 1. 

By way of comparison, consider Table 2 
which contrasts UK with US practice: it is evi- 
dent that there are no significant omissions on 
the part of British practitioners. 


ORGANISATION AND APPLICATION 
OF SOCIO-POLITICAL FORECASTING 


There is of course another significant aspect 
to current practice. The use or application of 
the activity. This should be considered from 
four standpoints: 


(1) Who in the organisation should undertake 
the forecast? 


(2) Who should analyse the implications of the 
forecast for the company? 


(3) What factors should be forecast given 
resource constraints? 


(4) How should the forecast be evaluated as 
part of the company’s planning activity? 


These factors, which are crucially important to 
the successful practical application of any 
socio-political forecasting capability, will vary 
considerably between companies depending 
upon organisational form and management 
preference. The ‘typical’ organisation of socio- 
political forecasting in the companies that we 
have so far approached will now be described. 
It must be emphasised that the description 
applies to no single company but merely con- 
stitutes an aggregate picture of current prac- 
tice. 

The first point that needs to be made about 
company socio-political forecasting is that it is 
a recent development, few of the companies 
claiming to have had any interest in the area 
prior to 1970. It may be that the social and 
political changes of the 1970’s make social fore- 
casting necessary but most companies cur- 
rently using socio-political forecasting expect 
the activity to be long term if not a permanent 
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TABLE 2. UK AND US EXPERIENCE COMPARED 





Time Horizon Main sources 


Techniques 


Outputs Personnel 





5-10 years 
for ‘hard’ 
data 


Media/publication 
review 
Management 
discussion 
Published data 
sources 
Government 
administration/ 
public enquiries 
Survey/market 
research 
Personal contact 
Outside forecasts 
Trades Associations 
Trades Unions 
Public survey 
Professional 
conferences 
Industry activities 
Consultants 
Company activities 


10-25 years 
for ‘soft’ 
data 


8-10 years 


Individual 
subjective 
assessment 

Briefing papers 

Exceptionally 
Trend analysis 
Cross-impact 

analysis 


Scenarios 
Trend analysis 
Brainstorming 
Cross-impact 
analysis 


Input to regular 
planning report 

Specific (ad hoc) 
briefing 

Regular review 

Input to specific 
study 


Often Chairman or 
senior board 
member when 
only a general 
view is taken 

Else a planning 
director or 
senior manager 
producing a 
planning paper 
with assumptions 


Input to 
corporate 
planning cycle 


Corporate 
planning staff 
Top management 

Assistance from 
staff and 
functional non- 
specialist staff 





feature of the company. Within the companies 
contacted the pattern of forecasting varied 
between irregular high level speculation, brain- 
storming in American parlance, to a one-off 
study of great detail or a regular socio-political 
briefing contained in the company corporate 
planning document. Specific techniques, 
though applied in some companies, tended not 
to be used or at least not to be admitted to. 
This is explainable in the context of the ac- 
tivity. Generally the number of company staff 
concerned with socio-political forecasts was 
small, certainly less than five, often less than 
three and not infrequently a single individual. 
Additionally the staff concerned are at a senior 
level in the organisation, either board members 
themselves or reporting directly to a board 
member. Great emphasis is laid on providing a 
comprehensive and general view of socio- 
political changes that may affect company 
plans and in general it is felt that junior staff, 
though they could spend more time with data 
sources and techniques, could not adequately 
fulfil this function for they would not be aware 
of the decisions and plans that socio-political 
change would affect. For similar reasons there 
was a reluctance to use outside consultants for 
they also would be too remote from the current 
range of company options. In all our dis- 
cussions so far, emphasis has been placed on 
first attempting to forecast changes that might 
be of significance; and once this has been done, 


effort shifts to providing the forecast to the 
decision maker in a form that he or she finds 
acceptable. 

The authors believe that there are a number 
of problems in this situation namely: 


(1) Greater use of existing techniques would be 
beneficial for they would structure the pro- 
cess, make assumptions explicit and pro- 
vide a common frame of reference. 


(2) The existing practice may lead to problems 
of continuity as a result of staff changes. 


(3) Many companies could gain considerable 
advantages by splitting forecasting from the 
assessment of the forecast. Certainly the 
assessment of the forecast can only be ade- 
quate if performed by a staff member who 
is aware of the detail of company plans. 
This is not a necessary condition for the 
forecaster who would be more concerned 
with data sources and appropriate forecast- 
ing techniques. An additional benefit would 
be that the staff member responsible for the 
assessment of the forecast would need to 
make explicit the factors to be forecast and 
this in turn would assist the development of 
techniques and the understanding of what 
socio-political factors were relevant to the 
company and the industry. 
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(4) Are enough people within organisations 
receiving information from the forecasting 
process? 


(5) It is possible that too much emphasis is 
placed upon trying to forecast a vast set of 
variables that in practical terms may defy 
forecasting. 


CONCLUSIONS 


What are the immediate steps that manage- 
ment scientists can take to provide a better 
socio-political output for the company Man- 
agement Information System and the company 
decision takers? There are six areas in which an 
immediate advance could and should be made: 


(1) To ensure that the correct information 
reaches managers who have need of it. 


(2) To attempt to make information more ac- 
cessible and relevant. This implies not only 
that information should be provided but 
that managers are not allowed to miss 
information that, though out of their imme- 
diate area, is nonetheless vital to a particu- 


lar exercise in which they involved. This is 
as much an information handling problem 
as a socio-political forecasting problem and 
possibly data processing departments could 
provide a data base solution. 


(3) The information must be presented in such 
a way that it fits into company culture. This 
may seem a relatively minor point but 
many respondents have commented that 
though socio-political variables may bear 
importantly on a particular issue or deci- 
sion they may be dismissed as ‘not relevant 
to business’ if not presented correctly. 
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(4) Less emphasis must be placed on attempts 
to forecast socio-political change in general 
and attention should focus on factors to 
which the company is especially exposed. 
This will demonstrate the relevance of 
socio-political factors and reduce the 
number of variables that need be con- 
sidered. 


(5) Once the company’s exposure points have 
been assessed, key issues or variables may 
be isolated, monitored and forecast. 


(6) A better technical methodology for fore- 
casting socio-political change must be de- 
veloped. It is likely that socio-political 
factors will never be amenable to strict, or 
some would say crude, quantification. It is 
essential that analysis is more rigorous than 
at present. 


In short, it is time that socio-political fore- 
casting ceased to be a mysterious art and took 
its place in company management information 
systems as another tool in the armoury of good 
management. 
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Problems of measurement in management science are discussed in the context of methods of 
evaluation. Different approaches to evaluation are compared in terms of the level of measurement 
required and the process of generating numerical values. It is suggested that the difficulties of 
measuring are not always appreciated and that soundly-based measures are products of theories 
developed and tested within a consensus on basic constructs. Conclusions are drawn for the practi- 
tioner to set his level of measurement in terms of consensual understanding and suggestions are 


made for research. 


INTRODUCTION 


THIS PAPER reviews approaches to evaluation. 
It discusses the vital issue of the role of 
measurement in management science from that 
aspect. Lord Kelvin [32] saw numerical 
measurement as a necessary condition for a 
field of study to justify being described as 
‘scientific’: 

“T often say that when you can measure what 
you are speaking about and express it in 
numbers you know something about it; but 
when you cannot measure it, when you cannot 
express it in numbers, your knowledge is of a 
meagre and unsatisfactory kind; it may be the 
beginning of knowledge but you have scarcely, 
in your thoughts, advanced to the stage of 
science, whatever the matter may be!” 

However problems of management are 
generally not amenable to full quantification 
and what is even more unfortunate is that that 
part that cannot be readily quantified might be 
the most important. The limitations of relying 
on purely quantitative approaches are appar- 
ent and have been touched on in a number of 
recent editorials of Omega [6-8]. In another 
editorial [9] a managing director is reported to 
have said “now let’s forget about these figures- 
men and turn to the main issues”. Superficially 
the choice is stark and ugly: either manage- 
ment science restricts its activity to purely 
quantitative work and justifies its name or 


tackles issues that cannot be quantified but for- 
goes its claim to being scientific. This paper 
argues that the choice is not like that; rather 
that scientific approaches to problems of man- 
agement are those developed for the processes 
of management, which may quite properly be 
different from those of a mature science, and 
that there is no simple equivalence between 
quantitative measurement and science. Quanti- 
fication is the outcome of sound knowledge; it 
is neither the means of achieving it nor the 
indication that it has been secured. In manage- 
ment science measurement ought to be set at a 
level (see below) which is justified by the degree 
of understanding. A common mistake is to 
attempt to express all measurements at the 
same level of the well-understood natural 
sciences; problems of management are often ill- 
understood and cannot be fully quantified at 
that level. 

We gain insight into problems of measure- 
ment by understanding how these were over- 
come in the natural sciences. Thomas Kuhn 
[18] has suggested that our most prevalent 
notions about measurement are derived from 
myth. This is because we commonly learn 
about science from textbooks which neglect the 
history of scientific development [19]. Many of 
us do not appreciate how difficult it was for 
scientists to move from the early articulation of 
a basic theoretical construct (such as Newton’s 
Laws of motion or Dalton’s atomic theory) to 
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produce quantitative measures. Kuhn gives 
numerous examples that illustrate the prob- 
lems encountered and the time taken to over- 
come them. Without understanding the diffi- 
culties we may mistakenly presume that 
quantification is a_ straightforward matter 
rather than the consummation of theoretical 
and technical development. Knowing the diffi- 
culties inherent in quantification in the natural 
sciences we can appreciate that we cannot 
expect readily to produce quantitative 
measures in the relatively poorly-understood 
social world. 

There is an obvious link between consensus 
and measurement: if people do not agree that 
A is more than B in some respect then they will 
not be able to agree on a precise statement of 
how A and B compare. And we shall see that a 


number of approaches to evaluation rely on a ° 


group reaching consensus on numerical values. 
However, quantitative precision in the natural 
sciences is not simply the product of agreement 
amongst scientists: it depends upon scientists 
agreeing upon theories that produce quantitat- 
ive predictions which can eventually be tested 
against observations. Kuhn gives numerous 
illustrations of how attenuated this process can 
be [18]. In particular, he shows that problems 
of producing relevant data recur with scientific 
revolutions: ingenious methods and consider- 
able technical and theoretical development may 
be necessary to bring new theories and relevant 
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observations into line with each other. (He sug- 
gests that rather than the common belief that 
scientists search for theories consistent with 
stubborn facts often scientists trust their judge- 
ment on the basic theories and concentrate 
their effort on the difficult task of producing 
observations consistent with these theories). He 
suggests a general line of development in 
science which begins with agreement amongst 
a body of scientists on fundamental constructs 
(the paradigm) which is followed by theory de- 
velopment and overcoming the problems of 
testing these theories against observations. 

In addition to our views of quantification 
being influenced by myths about physics we 
often do not appreciate that measurement can 
take place at different levels. Table 1 gives 
Stevens [31] standard schema of these levels. 
Ackoff [1] has reviewed in some detail the 
properties of the different scales. There are 
important differences between the ordinal, 
interval and ratio scales. These differences are 
not always understood; in the drive to produce 
aggregate scores operations may be performed 
on the numbers that have been derived which 
are not justified by their level of measurement. 
In the review that follows we shall critically 
examine approaches to evaluation in terms of 
the level of measurement required for the oper- 
ations used. 

Evaluation ought to be related to decision- 
making. As Levin [20] has argued this is inade- 


TABLE 1. SCALES OF MEASUREMENT 





Scale 


Characteristics 


Examples 





Nominal 


Unambiguous classification in terms of 
property being measured. No measurements 
can be applied to the different classes 


Types of 
health 
care. 


—they cannot even be ranked. 


Ordinal 


Ranking. But cannot measure differences 


Hardness 


between ranks or ratios: ie cannot say of 


how the difference between first and 


minerals. 


second compares with the difference 
between second or third nor say that that 
ranked second contains twice as much of 
the property being measured as that 


ranked first. 
Interval 


Can measure differences on this scale 


Temperature 


but the zero is arbitrarily chosen and in 


cannot express scores as ratios in 
terms of the property being measured. 


Zero defined by absence of the property 
being measured. Can measure differences 
between scores and express scores as 
ratios of each other in terms of the 


property being measured. 


Centrigrade or 
Fahrenheit. 
Length, 
weight, 
temperature 

in degrees 
Kelvin. 
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quately modelled as the act of an individual at 
a point in time but the approaches to evalu- 
ation reviewed here often are based on that 
over-simple model. (They may replace an indi- 
vidual by a group of ‘decision-makers’ in con- 
sensus or invoke a supra-decision-maker to 
reconcile conflicts amongst decision-makers, 
such modifications are merely token acknowl- 
edgements of the possibility of conflict and do 
not begin seriously to address the common dif- 
ficulties of conflicting values.) Such approaches 
are inadequate because, first and most 
obviously, the options being evaluated are 
often proposals that will be implemented over 
an extended period of time and therefore con- 
sist not of one choice but of a sequence of 
choices. Second, these approaches provide no 
clear basis if there is dissent amongst the 
‘decision-makers’. Third, decision-making is a 
political process and implementation of pre- 
ferred options requires commitment of people 
other than the titular ‘decision-makers’. This 
wider commitment may prove more difficult to 
secure if there is a suspicion that choices are 
being obscured by measurements that override 
perceived conflicts. Such attempts have rightly 
been subject to polemical attack [28, 29]. 


THE PROBLEM OF EVALUATION 


This paper continues with a review of 
approaches to evaluation. This is intended to 
be illustrative rather than exhaustive (Fish- 
burn’s review in 1967 identified 24 different 
methods [10]). The approaches discussed here 
are: Cost-Berefit Analysis (CBA), Multi- 
attribute Preference Analysis (MPA), Goals 
Achievements Matrix (GAM); and Analysis of 
Interconnected Decision Areas (AIDA). This 
section describes problems of measurement in 
evaluation. The following sections review how 
the different approaches address these prob- 
lems, the theory on which the numbers used 
are based and the tests made on the numerical 
measures used. The review of AIDA includes a 
discussion of how these approaches relate to 
decision-making processes. The concluding 
section summarises the discussion and indi- 
cates areas for research. 


Levels of measurement of different approaches 


We begin by considering the comparatively 
simple case of an individual choosing between 
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a number of options (for example the purchase 
of a house). A problem of evaluation can occur 
because the houses that are on the market will 
be ranked differently on a number of criteria 
(e.g. price, location, size). The individual can 
probably rank the houses on each of these cri- 
teria but find it difficult to produce an overall 
ranking. Scores at the ordinal level of measure- 
ment cannot legitimately be aggregated 
because the differences between, for example, 
first and second are not necessarily the same as 
between second and third. Thus a higher level 
of measurement than that of the ordinal scale 
is necessary to produce an aggregate ranking 
from disaggregated scores on multiple criteria. 
One approach is to seek to express each cri- 
terion on a common interval scale (e.g. money 
as in CBA). 

Other approaches (MPA, GAM, AIDA) seek 
to express each criterion on its own scale and 
produce an aggregate score by weighting each 
criterion. Each attempt is fraught with difficul- 
ties. It can prove extremely difficult to find a 
common scale on which to express the different 
criteria and CBA is often challenged on its 
attempts to put monetary values on items 
which are not exchanged in a market. Alterna- 
tive approaches which define scales in terms of 
each criteria may be more straightforward ini- 
tially, but there can be serious difficulties in 
producing a set of weights for these different 
scales. Later in the paper we shall review 
methods that attempt this but it is worth 
exploring further here the level of measurement 
that the different methods require. 

The level of measurement needed to inform 
choice is an ordinal scale of the different 
options. CBA and other methods that seek to 
express criteria on a common scale require an 
interval scale. Weighting different criteria 
means that ratios are being used and therefore 
a ratio scale is necessary if these calculations 
are to be legitimate. The acid test of a ratio 
scale is whether the zero is defined in terms of 
the absence of the property being measured. It 
follows therefore that an aggregate weighted 
score of zero corresponds to an absence of each 
of the properties being measured. Therefore the 
zero of each of the scales on which the different 
criteria are measured must correspond to the 
absence of the properties being measured on 
those scales. This means that each criterion 
must be measured on a ratio scale if the 
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weighting procedure is to be legitimate. Thus 
weighting approaches require a ratio scale of 
each criterion to produce the ordinal ranking 
of the different options. In our review of 
methods that use weighting we shall consider 
whether each criterion is being measured on a 
ratio scale. 

A further problem in aggregation is to know 
that the criteria are independent—to avoid 
double counting. There is no need for the cri- 
teria to be exhaustive provided that they are 
defined so that they highlight the critical 
choices being made (a point discussed below). 
An exhaustive measure of performance 
would—if it could be achieved—have the 
advantage of indicating how well the options 
being considered rate in absolute terms and 
perhaps whether other options should be con- 
sidered. It is easier to define criteria relevant to 
choice between available options but this more 
limited task necessarily means focussing on 
those options and may discourage further con- 
sideration of better alternatives. In the review 
that follows we shall consider whether the 
methods claim to provide an aggregate score of 
performance and if so whether this is justified 
by a selection of criteria which are exclusive 
and exhaustive. A particular problem with 
attempts to provide exhaustive quantitative 
measures is that this is often not possible 
because important criteria cannot always be 
quantified. 


Measurement and conflict 


One of the fundamental problems of evalu- 
ation is that the options being evaluated affect 
a number of people not an individual: each of 
those affected may have different views on the 


importance of the different criteria, how 
options rate on these criteria and may be dif- 
ferentially affected by the options (some may 
gain and others may lose). This raises the vexed 
and unresolved problem of interpersonal utili- 
ties to which no satisfactory theoretical solu- 
tion has been found [24] and in practice out- 
comes have to be (explicitly or implicity) nego- 
ciated. What is relevant to this paper is 
whether methods of evaluation recognise this 
problem and how they deal with it. 
Evaluation that ignores conflict where it 
exists is arrogant and ill-founded. It is arrogant 
because the analysts are reserving for them- 
selves judgements that need to be resolved 
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through political processes. It is ill-founded 
because the objective precision is spurious; ob- 
jectivity is the product of a process of open 
criticism and precision is an outcome of articu- 
lated theories that have been subjected to this 
process. The short cut of imposing precision by 
an outsider is objective in only a very limited 
sense of not being intentionally partisan. But 
without the necessary processes that justify 
that precision it may have the same claim to 
objectivity as a random number generator, 
whilst we agree that the numbers produced are 
objective we do not regard them as a sound 
basis for guiding choice. 

The problems of measurement and contro- 
versy are strongly related since it necessarily 
follows that controversial aspects will com- 
monly defy useful quantification. We can there- 
fore appreciate the significance of the comment 
at the beginning of this paper about the irrele- 
vance of figures-men to the important issues. 
This then raises the familiar problem in analy- 
sis that only some of the features of the prob- 
lem can be quantified and often what seems to 
be important cannot be measured. This has 
been vividly described as ‘horse and rabbit 
stew’ [26]. The recipe for this seemingly unap- 
petising dish is to take one rabbit and one 
horse. The allegation made is that analysis 
measures the rabbit and makes what ought to 
be a limited contribution but sometimes the 
flavour of the rabbit can dominate the whole 
stew [28]. This is one ground of criticism of the 
Roskill Commission that the CBA dominated 
other important matters of judgement. It is 
always hard to refute such criticisms because 
by definition we cannot measure the impor- 
tance of that which has not been measured. 


COST-BENEFIT ANALYSIS AND 
EXTENSIONS 


Evaluation necessarily means an assessment 
of costs and benefits and in this sense there is 
nothing controversial about cost-benefit analy- 
sis. What arouses controversy is where this 
analysis uses the concept of market valuation 
to express criteria on a common scale. Before 
discussing some of the criticisms made of CBA 
it is worth drawing attention to three advan- 
tages. 
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Level of measurement, theory and testing 


First, the search for a common scale means 
that only an interval level of measurement is 
required. Second, the numbers produced by 
CBA are the outcome of an articulated theory. 
Third, that theory and its predictions are test- 
able against people’s actions in the real world. 
It is possible to find some estimates of market 
prices of, for example, time and the costs of 
noise which are likely to be more reliable than 
responses from questionnaires or professional 
judgements. 


The use of monetary units 


There are many criticisms of CBA some of 
which spring from a repugnance to putting a 
monetary value on, for example, health, life and 
countryside. It is not always clear whether such 
objections are purely against recognising that 
scarce resources mean that (even if implicitly) 
we restrict possible actions to improve health 
or save life and that the choices may be 
between stopping needed development or 
building in the countryside. If we accept that 
such constraints exist then the question 
remains as to whether the objection is against 
measuring at all or expressing measurements in 
monetary units. Hill [13] has criticised CBA 
for maximising net benefits in the abstract but 
the units of measurement are much better 
understood than the alternative that he pro- 
poses: as a Common measure monetary units 
will appear a good deal less abstract than most 
alternatives. 

The criticisms of CBA that are most pen- 
etrating are those that question the claims sug- 
gested above. This is illustrated by criticism of 
one of the most celebrated examples of CBA: 
the choice of site for the third London airport 
by the Roskill Commission. The sites were 
evaluated in monetary units on criteria which 
included those for which costs were straightfor- 
wardly determined (e.g. construction costs) and 
those that required considerable novelty in 
research and theory development (e.g. noise 
and travel time). Critics argued that although 
these cost estimates pretended to be on a com- 
mon scale, the methods were not of equal 
soundness and the CBA of sites for noise and 
travel time gave only an ordinal level of 
measurement not an interval scale in monetary 
units. It was, they argued mistaken to aggre- 
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gate the scores of the sites on the different 
criteria—as the Report did [2, p. 155]. 


The problem of distribution 


A second problem which is obscured by 
aggregation is the question of distribution. This 
Strikes at the core concept of CBA—market 
valuation: the rich have a greater say in mar- 
kets than the poor and therefore market valu- 
ation tends to favour the rich. Furthermore, 
the aggregate scores of Roskill ignored the dis- 
tributional effects of building an airport. This is 
the main thrust of Lichfield’s development of 
CBA—the planning balance sheet [22]. Lich- 
field’s approach still relies on market valuation 
but disaggregates costs and benefits into the 
different sectors that gain and lose by the pro- 
posed changes. 


Choosing criteria for CBA 


A second feature of Lichfield’s approach is to 
rank criteria which cannot be expressed in 
monetary units [21]. This is part of a more 
general problem of deciding which criteria 
should (and should not) be used in evaluation. 
It has been argued for example that the work 
of Roskill was not a true cost-benefit analysis 
because it did not include an assessment of the 
benefits of a third London airport [28]. The 
Commission interpreted their terms of refer- 
ence to mean that the choice was not whether 
to build an airport or not but only as to where 
and when that airport should be constructed 
(see McKie [26] for a discussion of this inter- 
pretation). Given that interpretation their 
omission of assessments of benefits of an air- 
port is quite reasonable. What is unfortunate 
about the analysis is that in the selection of the 
site from the short list, the research team con- 
centrated their research effort on the valuation 
of noise and did no independent research on 
valuing travel time; but the different sites 
varied little on their noise costs and the selec- 
tion of Foulness was largely due to its heavy 
relative cost on surface access time [27]. 


Concordance analysis 


A natural extension of CBA is to illuminate 
which criteria are crucial in governing choice 
so that research can conncentrate on these. 
This has been explored by Frost [12] in terms 
of the short-listing problem. The general con- 
cept is to use ordinal levels of measurement to 





316 


construct a short list so that CBA can then 
concentrate on choosing between sites on that 
list. 

Frost describes the use of concordance 
analysis to construct a short list of airport sites 
from a long list of twenty. Each site is classified 
as either good, moderate or poor on each of a 
number of criteria. The concept of dominance 
is then used: site A dominates site B if A is 
better than B on one or more criteria and as 
good as A on all the other criteria. In the 
example given (which is based on a real prob- 
lem) the use of dominance reduced the long list 
of twenty to a short list of ten. Concordance 
analysis is then used to construct a short list 
from those ten sites. Each criterion is given a 
vote and options are compared as if being 
voted on by a committee with each criteria 
being represented (initially) as a single member 
of the committee. From the votes a preference 
ordering is determined. A short list of preferred 
options is selected with no preference relation 
between members of the list. (This exercise is 
complicated by the well known lack of transiti- 
vity of preferences decided by voting. This is 
well illustrated by Condorcet’s paradox where 
there are three individuals: the first prefers A 
to B and B to C; the second prefers B to C and 
C to A; the third prefers C to A and A to B. 
On simple majority voting this committee can 
be shown to prefer A to B, B to C and C to A.) 
This initial short list requires further examin- 
ation because it does not take into account 
either intensity of preference or the relative im- 
portance of the different criteria. Here these 
issues are explored by giving the criteria differ- 
ent weights: some criteria may be seen as over- 
riding the others so that even if Al is preferred 
to B1 on all criteria except one, the exception 
may be seen as so important that in this in- 
stance it is not allowed to say that Al is pre- 
ferred to B1 overall. Where ranking two sites is 
possible the outcome is described as a concord, 
where ranking is not possible—because voting 
is equal or some criteria are given overriding 
importance—the outcome is described as a dis- 
cord. The greater the number of concords the 
richer the preference structure and (in general) 
the smaller the short list. 

The way that the short list changes gives 
information relevant to the construction of the 
short list and not on choice within the short 
list. If the short list is robust to changes in 
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giving different criteria overriding power then 
it may be chosen with confidence. If the list 
changes considerably for some criteria then 
this indicates how its selection depends on 
weighting the criteria and the differences in 
ranks. It is important to note that criteria that 
are critical for the selection of the short list 
may no longer be critical for choice within the 
list. This could be seen to be a mistake of the 
analysis by the Roskill research team. Noise 
clearly was critical in choosing the short list 
but each of the sites chosen were estimated to 
have low costs on noise. It would have been 
proper to have a good measure of noise for the 
construction of the short list but for choice 
within it research effort could have been more 
usefully expended on those criteria where the 
sites were known to perform differently. 


MULTIATTRIBUTE PREFERENCE 
ANALYSIS 


De Neufville and Keeney [4] describe a case 
study of airport choice in Mexico using MPA. 
The criteria for choice were similar to those 
used by Roskill but the work was done directly 
for the government: a group of ‘policy-makers’ 
were asked to use the single-attribute utility 
method to evaluate each site on each criterion 
and to weight these criteria by the multi- 
attribute method. 

Single-attribute utility theory will probably 
be familiar [23]:—given a pay-off matrix in 
decision theory with outcomes 0,;, the worst 
outcome min. 0;; is given a value of 0 utiles, 
and the best outcome max. 0;; is given a value 
of 1 utile; an intermediate value 0;; is given 
utility u;; where this is the value for which an 
individual (or a group) is indifferent between 
receiving 0;; with certainty or taking a gamble 
between min. 0,; with probability (1 — u,;) and 
max. 0,;; with probability u;;, The multi- 
attribute method is an extension of this 
approach [4, 16, 17]. The weight k; of criterion 
c; is obtained by a comparison of the outcome 
of c; at its most preferred level and all other 
criteria at their least preferred level, with a lot- 
tery of either the outcome of all criteria at their 
most preferred level with probability p;, or the 
outcome of all criteria at their least preferred 
level with probability (1 — p,). The value of p; 
for which the person (or group) is indifferent 
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between the lottery and the certain outcome 
gives the weight k; of criterion c;. 


Measurement, theory and testing 


The criteria used (e.g. cost, capacity, access 
time, noise) do allow a zero which corresponds 
to the absence of the property being measured 
but in utility theory each of these outcomes 
would be given the value unity and the zero of 
the scale would be that of the worst outcome. 
Thus in the method of producing numerical 
measurements the zero of the scale is arbi- 
trarily chosen. (And it is well known that in 
using pay-off matrices utilities will be affected 
by the options being considered.) Utility theory 
raises interesting questions as to what level of 
measurement is being sought: none of Stevens’ 
levels has an upper limit—the crucial point is 
the definition of zero. (Stevens’ review of utility 
does not consider use of the concept of an 
upper bound [30]). 

The reason for the selection of the 0-1 scale 
is that 0 and | are the conventional upper and 
lower bounds of measures of probability: utili- 
ties are subjective probabilities in a hypotheti- 
cal lottery. Now probability theory is well 
founded in terms of testing against outcomes in 
terms of relative frequency of occurrence. But 
utility theory is based on a hypothetical one-off 
lottery and cannot be tested in this way. 

The introduction of subjective assessment of 
probability in a hypothetical lottery necessarily 
introduces an extra dimension of attitudes to 
risk in the evaluation. There is scope to assess 
risk aversion where the criterion can be 
expressed on an independent interval scale (e.g. 
money) but where this is not possible (e.g. air- 
port noise, travel time) risk aversion cannot be 
measured directly. Now the point of MPA is to 
measure criteria for which no common interval 
scale exists but this means that risk aversion 
will have an unknown effect on the stated utili- 
ties. This seems an unnecessary complication 
where the outcomes that follow a course of 
action are virtually certain. And although 
MPA offers the promise of accommodating 
uncertainty, it offers a considerable challenge 
to those who have to state preferences. They 
must produce three kinds of subjective prob- 
abilities: first, for each course of action a sub- 
jective assessment of the likelihood of out- 
comes on n criteria; second, an assessment of 
risk in a hypothetical lottery on each criterion, 
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of choice between the range of likely outcomes 
that could follow each action and the best and 
worst possible outcomes; third, an assessment 
of weights for each criterion by a further hypo- 
thetical lottery between the different criteria. 

MPA does not claim to produce a perform- 
ance score: the criteria are defined in terms of 
the choices. It does have a well developed 
theory to test for independence between these 
criteria and an axiomatic basis for aggregating 
the different scores. 


Distribution and conflict 


De Neufville and Keeney state that no 
method can produce a socially optimal solu- 
tion because of the unresolved problem of 
determining utility for a community. They see 
their method as being useful for ‘a cooperative 
group of like-minded individuals’ [4, p. 74] and 
for different groups the preference functions de- 
rived can be used in negotiation. Fundamental 
to the approach is the concept of a group 
reaching consensus on the assessment of utili- 
ties. Keeney and Raiffa’s extended theoretical 
exposition of MPA [17] recognises that this is 
focused on the individual decision-maker. This 
remains their orientation in the discussion of 
the aggregation of individual preferences: their 
model of aggregation is that the synthesis of 
different interests is performed by a supra- 
decision-maker who can then use MPA. 


THE GOALS ACHIEVEMENTS 
MATRIX 


Hill’s objection to cost-benefit analysis is 
that evaluation ought to be related to specified 
objectives whereas cost-benefit analysis (at the 
time of his thesis) was often undertaken with- 
out specifying objectives [13]. However, it is of 
course possible to specify objectives and to 
attempt to use CBA to express these objectives 
on a common scale—this is very much the way 
that Lichfield has been developing his planning 
balance sheet [22]. Hill [13] gives a review of 
how the Goals Achievements Matrix ought to 
be set out in terms of the community to be 


affected by proposed developments, levels of 


measurement and problems of aggregation. 
Unfortunately his review does not go beyond a 
discussion of the difficulties into a well-estab- 
lished theoretical basis of how objectives are to 
be determined, how options are to be measured 
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on these objectives, and how those objectives 
are to be weighted. The problems of putting 
the Goals Achievements Matrix into practice 
are illustrated by the work of the team which 
produced the Coventry—Solihull-Warwickshire 
Sub-Regional Study [3]. The team determined 
‘essential’ and ‘discriminatory’ objectives. The 
evaluation focused on strategies which satisfied 
the ‘essential’ objectives and produced a matrix 
of scores on the ‘discriminatory’ objectives. 
Examples of these latter objections are 
minimisation of traffic congestion, preservation 
of landscape of architectural merit, creation of 


jobs. The different sub-regional strategies were | 


first evaluated directly on each of these criteria 
by, for example, passenger car units, hectares 
destroyed, jobs created. These gave ‘perfor- 
mance scores’. These scores were then trans- 
lated into performance levels. Maximum and 
minimum possible attainments (given certain 
conditions) for each objective were set at 100 
and 0 respectively and each performance score 
was transformed into a number on this scale— 
the performance level. The team agreed weights 
for the different objectives and asked the public 
for a view of their weights. The weighted per- 
formance levels were added to give a ranking 
of the different strategies. 


Measurement, theory and testing 


The Goals-Achievement Matrix as_ used 
above has strong similarities with utility 
theory: a scale is derived for each criterion 
with upper and lower limits and weights are 
derived to produce aggregate weighted scores. 
The approach also relies on a group agreeing 
on numerical values. Unlike utility theory these 
scores are not complicated by attitudes to risk 
but the approach shares the weakness of using 
a ratio level of measurement without zeros 
defined in terms of the absence of the proper- 
ties being measured. The team did not seem to 
have realised the extra demands of using a 
weighting procedure: they “could see no con- 
ceptual advantage in putting a price on the 
intangibles to compare with the tangible, 
rather than weighting the tangible to compare 
with the intangible” [3, p. 61]. 

The analysis is intended to provide an aggre- 
gate score of performance but there is no clear 
statement of what the goals mean, how the 
objectives relate to these goals and why some 
objectives are ‘essential’ [22, p. 200]. The whole 
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process of goal formulation does not appear to 
justify the concept of an exhaustive measure 
and the goals are dependent—there is consider- 
able overlap between some of them [22, 
p. 202]. 

There is no well-developed or even clearly 
stated theory to back the numbers produced 
merely a series of assumptions (some of which 
are arbitrary) and assertions (such as the 
weights chosen reflect professional judgements) 
[22, pp. 205-219]. Attempts were made 
to test the weights chosen by a questionnaire 
survey of residents. Apart from the general 
problem of unreliability of opinions as 
expressed in a survey, it is hard to see how the 
public could have understood how to rank the 
discriminatory objectives in the abstract and 
how the team could have legitimately derived 
weights to be used at the ratio level from these 
ordinal scales [22, pp. 211-213]. 


Distribution 
The team did not follow Hill in producing a 
sectoral analysis. There is no attempt to dis- 


_tinguish which sectors of the community gain 


or lose from the strategic: aggregate scores are 
used throughout. This omission extends to 
the definition of strategy objectives since it is 
nowhere stated whose interests were taken into 
account when setting the objectives and whose 
interests the objectives therefore represent [22, 
p. 203]. 


ANALYSIS OF INTERCONNECTED 
DECISION AREAS 


The AIDA approach [11] is explicitly 
designed to develop evaluation as part of a 
process of decision-making. The other 
approaches (reviewed above) focus on evalu- 
ation at a point or sequence of points in time. 
The Roskill Commission considered future 
costs of the new airport discounted to a point 
in time and_ the Coventry-—Solihull- 
Warwickshire Sub-Regional Study gave per- 
formance scores for a 20 year strategy without 
considering a time profile. These are not inte- 
gral features of those approaches: it is possible 
to consider evaluation at points in time in each 
of those approaches. The use of MPA on 
choice of airport in Mexico did consider devel- 
opments over three future years. This encour- 
aged the consideration of new alternatives to 
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those being considered initially and these new 
options were eventually preferred. 
A key advantage of AIDA is that it is based 


on a model of planning which envisages that, 


process as one of choosing commitment to 
actions now so as to lead to a preferred future: 
planning is not seen as the statement of a long- 
term plan—as it appears to be in the 
Coventry—Solihull-Warwickshire exercise. The 
AIDA approach is designed to relate planning 
to decisions being taken now: a very proper 
perspective when planning can often degener- 
ate into an activity which is irrelevant to the 
way decisions are actually made in organis- 
ations. The AIDA method of evaluation 
focuses on actions being considered on three 
criteria: how these satisfy pressures for com- 
mitment, allow flexibility between longer-term 
strategies and implementation of preferred 
strategies. 

The AIDA approach is illustrated through 
three case studies of increasing complexity [11, 
pp. 139-239]. In the first a group of policy- 
makers is asked to state pressures for commit- 
ment and their preferences between sets of 
complete actions (i.e. strategies or full solu- 
tions). Immediate actions are then compared in 
terms of meeting pressures for commitment, 
whether they lead to preferred strategies and 
whether they allow a range of future strategies 
to be followed (i.e. are robust to future possible 
changes). The principle of dominance is used to 
. derive a short list on those criteria which can 
be used by the ‘policy-makers’ to choose imme- 
diate actions. 

In the second case study the strategies being 
considered are more complex and a sophisti- 
cated approach is required for policy-makers 
to rank strategies. Each strategy is composed 
of a set of decision areas (e.g. building school 
and/or houses and/or shopping centre and/or 
increasing rates and/or increasing council 
rents). One approach is to give each action in 
these decision areas a score (e.g. one housing 
unit for each year a family on the housing wait- 
ing list has to wait to be rehoused, one rating 
unit for a penny increase in the rate levy). Each 
strategy is then given an aggregate score by 
using trade-offs selected by the policy-makers 
between the unit scores of actions of the differ- 
ent decision areas (e.g. 40 housing units for one 
rating unit). The policy-makers then review the 
consequences of their choice of trade-off rates 


in terms of the ranking of the strategies and 
adjust these rates until they believe that they 
produce their preferred ranking. The next stage 
is for the policy-makers to choose a subset of 
actions which satisfy pressures for commit- 
ment, allow flexibility between the implementa- 
tion of preferred strategies. 


Measurement, theory and testing 


This approach is not designed to produce 
absolute measures of performance and within 
the context of the options being considered the 
zeros are defined in terms of absence of the 
property being measured: no increase in the 
rates, no school being built etc. But they do not 
correspond to an absolute absence, e.g. no rate 
levy, no houses. As such the zeros are arbi- 
trarily chosen: they merely reflect the status 
quo. It may make sense to consider only mar- 
ginal changes from the status quo but it can be 
argued that the significance of these marginal 
changes are best appreciated in terms of the 
total provision. (This is, for example, the 
approach favoured by the Department of 
Health and Social Security in its guidance on 
strategic planning to health authorities [5]). 

There is no théory described to justify the 
trade-offs chosen. Again reliance is placed pur- 
ely on a group reaching consensus on numeri- 
cal values. It is in that sense similar to GAM— 
both CBA and MPA have some theoretical 
structure—but there is an important difference 
between GAM and AIDA on the role of these 
trade-offs and the checks made on them. The 
trade-offs are intended to set priorities for 
future actions and they are checked in terms of 
whether their choice accords with priorities: 
they are not absolute measures of performance 
derived in some way from professional judge- 
ment. 


Distribution 


The measures used in the trade-offs are 
specified in terms of different sectors of the 
community. And thus the councillors are asked 
to judge the claims of, for example, shoppers, 
children, prospective tenants in setting the 
trade-offs. What is not clear and what is not 
discussed is how AIDA copes with dissent 
amongst councillors. 


CONCLUSIONS 


Despite all the criticisms made of CBA the 
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alternatives reviewed here appear to have a 
weaker basis for the numerical measures they 
use. Although they use weighting methods that 
require the highest level of measurement 
(higher than CBA), AIDA and GAM have no 
theory to justify the numbers that are pro- 
duced, and whilst MPA does have a clearly 
articulated theory, it is unclear how this theory 
is to be tested, and in particular there are unre- 
solved problems in the valuation of outcomes 
that are certain. 

Whilst it is clearly a gross oversimplification 
to regard decision-making as an action of an 
individual at a point in time, what is striking 
about the applications of the approaches de- 
scribed here is that the work for Roskill and 
the Coventry—Solihull-Warwickshire Sub- 
Regional Study focussed on a point in time and 
that AIDA, multi-attributable utility theory, 
GAM each are based on the idea of a group in 
consensus and therefore speaking as an indivi- 
dual. 

AIDA is perhaps most clearly developed in 
terms of relating evaluation to the process of 
decision-making when that process is seen as a 
sequence of choices in time. 

The problem of evaluation for situations 
where there is conflict has not been satisfac- 
torily resolved. MPA, GAM and AIDA each 
rely on a group to synthesise conflicts by 
reaching a consensus on values. One purpose 
of this paper is to question such approaches. It 
is not self evident that such groups fully under- 
stand the implications of the numbers selected. 
And whilst consensus is a necessary condition 
for quantitative measurement it is not suffi- 
cient: indeed, as Jannis [15] has described, the 
pressures to arrive at and maintain consensus 
may stifle needed debate to clarify issues. If we 
follow Kuhn’s model we can see consensus as a 
precondition for the common ground within 
which theory can be developed and tested and 
it is from this process that we could justifiably 
have confidence in the numbers produced. 

Cost—benefit analysis has no theoretical basis 
for resolution of the problem of interpersonal 
utilities where some gain and some lose. What 
it does have is a theoretical basis for measuring 
outcomes that does not depend on consensus 
within a group of ‘policy-makers’. It has some 
claim to being capable of producing ‘objective’ 
measures but that claim is subject to certain 
criticisms. In particular there appears to be a 


contradiction when it is used to measure the 
value of goods and/or services provided at 
public expense since often the whole point of 
their provision by public finance is because this 
is believed to correct distortions that would 
arise from their provision within a market sys- 
tem. Hirsch [14] has recently extended criti- 
cisms of market valuation to the private sector: 
he suggests that goods and services being 
sought by individuals in affluent countries are 
inefficiently provided through that system. This 
is because individuals in the mass are hoping 
to buy goods and services the value of which 
depends on their scarcity. His conceptual 
analysis questions the basis of market valu- 
ation more generally. 

The obvious, if neglected, conclusion for the 
practitioner is to use levels of measurement 
that are well supported by theory and to be 
aware of the demands that ought to be satisfied 
by the level of measurement that is being used. 
The ideal of the ratio scale is probably rarely 
attainable and even an interval scale may 
prove beyond current understanding. Concor- 
dance analysis is, for example, an interesting 
approach which only requires an ordinal level 
of measurement. In some cases a clear descrip- 
tion (ie. the nominal level of measurement) 
may be most useful because this could provide 
a Clear basis for debate. 

That conclusion suggests lines for research 
into evaluation which are quite different from 
recent work on MPA, GAM and AIDA: each 
seeks to use a ratio level of measurement using 
a group in consensus to produce numbers. 
What seems to be required is work evaluation 
on lower levels of measurement than the ratio 
scale and on how heterogeneous scales of 
measurement can be used to clarify choice. 
This is in line with Stern’s recommended 
approach of multivariate cost-benefit analysis 
[29] which can be seen as an extension of 
Lichfield’s Planning Balance Sheet. Such 
approaches could be usefully designed so that 
evaluation is seen as part of a process of choice 
and AIDA provides a conceptual basis for that 
development. 

A second line of research would be to in- 
crease awareness and sharpen political debate. 
Quantitative social data that are currently 
available will often be the products of estab- 
lished assumptions which are not explicit in the 
way that the theories of the natural sciences 
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are open to critical review. If there is scope for 
a critical tradition in management science this 
suggests a line of inquiry into what interests 
are served by the established assumptions that 
produce these data. 
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This paper deals with aggregate planning problems in decentralized organizations, i.e. organizations 
where the suborganizations have a fair amount of autonomy in control because information load, 
uncertainty and fast changing circumstances limit the possibilities of centralized control. The func- 
tions of aggregate planning, its place in the overall control structure of the company and the control 
variables involved are discussed and subsequently the additional complications of a decentralized 
setting. As a typical example of aggregate planning problems in a network of semi-autonomous 
organizations the so-called ‘internal business cycle’ is discussed: due to this phenomenon the network 
is not able to follow smoothly its final demand but moves from shortages in one period to surplusses 
in another. The causes, various positive feedback mechanisms through variations in the buffers 
between the units, are analyzed and illustrated with a simple simulation model. The paper concludes 
with a discussion on the use of aggregate planning to improve the control of the network and to 
dampen this internal business cycle. 


1. INTRODUCTION to determine [13]. In this paper, however, we 
will deal with a network of semi-autonomous 
organizations, where the mutual adaptation of 
the activities in these organizations constitutes 
a major planning issue. 

The background of this paper is Philips 
Industries, a European multinational in the 
field of electronics. We will discuss planning 
problems in a typical Product Division, viz. the 
[10]). Audio Division. It consists of a network of 


In practice the problem itself is, of course, over 50 factories (manufacturing end products 
older, although aggregate planning is (still) not __ ich as tuners, amplifiers and gramophones 


always a well established separate planning __o, subassemblies) and sales organizations 
function. Roughly speaking the problem con- in some 70 countries. Furthermore, there is a 
sists of the smoothing of aggregate production jivisional Headquarters, which includes a 
levels to prevent under- mae overload of fixed  pjvisional Planning Department. Divisional 
resources [5], while varying, among Other: sucnaver is some S$) billion. 

things, the workforce size and the aggregate The paper will not deal with specific algo- 
inventory level (section 4 gives a more elabor- rithms for solving production smoothing prob- 
ate discussion of the aggregate planning prob- jems and, although application-oriented, nor 
lem). will it present an implemented application. Its 
Most aggregate planning models in Opera- main purpose is to discuss various general con- 
tional Research deal with a single production tro) and organizational aspects of aggregate 
unit, the aggregate output of which one wants planning in multi-organizational settings to 


‘Paper presented at the joint national TIMS/ORSA COMVey an impression of the environment 
meeting, held at New Orleans, USA, in May, 1979. wherein planning algorithms have to function. 


THE INTEREST within Management Science/ 
Operational Research in the subject of aggre- 
gate planning is fairly recent. Some authors 
_ [12] regard the well-known Linear Decision 
Rule [7,8] as the genesis of the ‘aggregate 
planning problem’. Nowadays, however, it is a 
standard textbook subject (see, for example 
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Fic. 1. The internal business cycle of Philips Industries [15]. The top graph gives the moving annual 
total of production plus purchases (dotted line) and of sales: the bottom graph gives the net inventory 
level as a percentage of sales in the preceding year. 


2. THE INTERNAL BUSINESS 
CYCLE 


One of the main problems of divisional con- 
trol, and in particular of divisional aggregate 
planning, is the so-called ‘internal business 
cycle’ [14,15]. This cycle is an example of 
Industrial Dynamics, the well-known class of 
phenomena described by Forrester [4]. In this 


paper we will concentrate on the basic mechan- . 


isms governing this internal business cycle.” 
The general business cycle is a familiar 
phenomenon: a wave-like movement in vari- 
ables concerning a whole national economy, 
such as the Gross National Product, unem- 
ployment and interest rates, with a period of 
4-6 years (see e.g. Schumpeter [11]). With re- 
spect to a single company one can make a dis- 
tinction between an internal and an external 
business cycle. The internal cycle refers to vari- 
ations with the above mentioned period in 





? We will use here a planning point of view. A discussion 
on these basic mechanisms from a control theory point of 
view, using such concepts as resonant frequency and band- 
width, is given in [15, ch 8]. 


internal variables, like aggregate production, 
aggregate inventory, profit, work-force size, 
etc., while the external business cycle refers to 
external influences, thus wave-like movements 
in demand, the supply of raw materials, interest 
rate, etc. External cycles can induce an internal 
business cycle, but we will see that there can 
also arise an autonomous internal business 
cycle, i.e. an internal cycle without an external 
one. 

Philips Industries show a pronounced inter- 
nal business cycle, see Fig. 1: variations in the 
sum of aggregate production and purchases, 
with relatively small variations in aggregate 
sales, resulting in strong variations in aggregate 
inventory. The costs of production level 
changes, of excessive inventories or shortages, 
of underload of fixed resources make this inter- 
nal business cycle a rather expensive phenom- 
enon. Therefore, it seems to be worthwhile to 
investigate whether this internal cycle can, at 
least partially, be suppressed. 

At divisional level one has more or less the 
same situation as depicted in Fig. 1, although 
the amplitude of the cycle varies somewhat 
over the divisions. It is, for example, rather 
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high for the Electronic Components Division. 

If one analyses this cycle in more detail, it 
proves to be essentially an _ inventory- 
employment cycle; it has much less impact on, 
for example, investments in equipment and in 
developments of new products. Its causes are 
primarily in the field of aggregate planning 
[15]. We will see that the variations in sales are 
internally amplified by various positive feed- 
back mechanisms, wherein the buffers between 
the various units of the divisional network (i.e. 
aggregate inventories) and the autonomy of 
local control play the leading roles. 

In order to be sufficiently specific we will 
deal in particular with problems in the Audio 
Division; the situation in this division has, 
however, many similarities with the other 
Product Divisions of Philips Industries. 

In the first period after 1945 most Audio fac- 
tories produced only for a local national mar- 
ket and operational control (see section 4 for 
the precise meaning of this term) was almost 
totally decentralized. The European economic 
integration, however, enabled the division to 
reduce the unit cost price, at least in Western 
Europe, by concentrating the production in 
fewer factories and by specializing these fac- 
tories to a smaller range of products (end- 
products or subassemblies). Therefore, produc- 
tion was no longer only for the national mar- 
kets, but also for other markets. The division 
created consequently a divisional order pro- 
. cessing department, which received orders from 
the various national sales organizations, con- 
solidated these orders and allocated them to 
the end-product factories concerned. These fac- 
tories subsequently planned their production 
locally on the basis of these orders and sent 
their orders for subassemblies to the various 
subassembly factories of the division, which 
also planned their production locally. Both 
types of factories sent their orders for electro- 
nic components to the order processing depart- 
ment of the Electronic Components Division. 
Operational control was thus still almost en- 
tirely decentralized. The next section will de- 
scribe how the internal business cycle arises in 
such a network of semi-autonomous organiz- 
ations, while section 6 will discuss some steps 
towards more centralized planning, in particu- 
lar more central aggregate planning, and the 
way in which this can dampen the internal 
business cycle. 


3. THE CAUSES OF THE 
INTERNAL BUSINESS CYCLE 


We will first investigate the control of the 
aggregate production level of a single factory. 
The planned change in this production level 
AP can be described in general form by [15, 
ch 9]: 


AP = f,(I* — I) + f,(S* — P) (1) 


It is a function of the difference between the 
aggregate end-product inventory level J from 
its norm J* plus a function of the difference 
between the flow of production P from the 
planned flow of sales S*. S* is some function of 
the received orders (in past and present), while 
the stocknorm is often expressed in terms of 
future commercial requirements, e.g. 

I* = k-S* (2) 
where k is a constant. Variations in sales S$ 
cause variations in planned sales S* and 
through the mechanism described by equation 
(1) variations in the production level P. Now, 
the internal business cycle (and in particular 
the cycle in aggregate production P) arises, 
because the variations in final demand are 
amplified through three types of buffer effects, 
operative in each single unit, and further 
amplified through three types of chain effects, 
due to the coupling of each unit to other units. 

The three buffer effects are the following. 


(i) Lead times between variations in sales 
levels and the response of the production 
level to these changes mean that produc- 
tion changes often lag behind changes in 
sales. These lags cause the aggregate 
inventory to deviate from its norm. The 
production increase (or decrease) has, 
therefore, to be temporarily greater than 
the corresponding change in the sales 
level: the variations in sales are thus 
amplified. 


Further amplification takes place if one 
uses dynamic stocknorms, such as defined 
by equation (2). This gives positive feed- 
back from S to P: the temporary over- 
shoot of P has to be even greater than 
indicated under (i), because /* has been 
increased in the meantime, due to the in- 
crease in S* (or decreased, if the change in 
S* was negative). 
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(iii) Finally, the constant k may also be dy- 
namic and subsequently cause further am- 
plification. If there is a business cycle of 
some magnitude, delivery times tend to 
become longer and less reliable in boom 
periods and shorter and more reliable in 
slack times. Each factory thus has a tend- 
ency to increase its safety stocks in boom 
periods and to decrease them in slack 
times. This intensifies the positive feed- 
back from S to P via I*: if S increases, I* 
increases not only because S* increases, 
but also because k increases. 


Because the units are coupled to one 
another, further amplification takes place 
through three types of chain effects. 


(i) The pipeline effect. As discussed above, the 
cyclic behaviour of the aggregate produc- 
tion level of one factory is caused by vari- 
ations in the content of the buffer between 
this factory and its customers. Now a 
components factory suffers not only from 
the variations in the buffer between itself 
and its direct customer, but from the vari- 
ations in the content of the entire pipeline 
between itself and final demand. In this 
way the amplitude of the cycle increases 
for each echelon when going downwards 
in the production-distribution chain. 


The distortion effect. If the aggregate order 
level for lower echelon factories increases, 
they cannot discriminate between in- 
creases due to increases in aggregate final 
demand and increases due to a temporary 
build up of pipeline inventory. The orders 
received provide a distorted representation 
of final demand. Lower echelon factories 
tend, therefore, to set their production 
levels too high in boom periods and too 
low in slack times. 


The peristaltic effect. Information on vari- 
ations in final demand are not transmitted 


2 


directly through the whole network but 
step by step by each echelon. This process 
can be compared with the peristaltic 
movement of the gullet, transmitting food 
to the stomach. Owing to this peristaltic 
transmission of information, it can take a 
long period before the lowest echelons get 
to know about variations in final demand 
and therefore their responses lag strongly 
behind these variations, causing the pipe- 
line inventories to deviate even more from 
their norms; so again the production 
changes have to be greater than they 
would otherwise have been. 


These effects can be illustrated with the help 
of a simple simulation model. It consists of a 
chain of production units, each producing on 
stock and ordering components or subassemb- 
lies from the next unit in the chain (see Fig. 2). 
The production levels are controlled through a 
version of the Linear Decision Rule of Holt et 
al., mentioned in Section 1 (see [15, ch 8]: 


z 
AP =a(I* —I)+a >} (S§-P)g, O<a<i1. (3) 
t=1 


One can see that this is a specific form of the 
general production control equation (1). In the 
model there is a lead time between the plan- 
ning of the production level and the implemen- 
tation of the planned change in that level. The 
salesplans S* are based on single or double 
exponential smoothing of the received orders. 
The Linear Decision Rule and exponential 
smoothing are used in the model, not because 
these are widely used algorithms in divisional 
control (in fact they are not), but because they 
provide an adequate general description of the 
control behaviour: if the order level increases, 
the salesplans increase in some way; if the 
salesplans increase (and the inventories de- 
crease), the production levels are increased. A 
more detailed description of this simulation 
model and its behaviour is given in [15, ch 9]. 
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Fic. 2. A model of a chain of factories 
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Fic. 3. The behaviour of the chain model (aggregate production in the first and fifth unit of the 
chain), when final demand shows random fluctuations around a constant mean 


One can study the behaviour of this model, 
while using various demand patterns. If one 
takes a chain of five units and a final demand, 
showing random fluctuations around a con- 
stant mean, the production in the first and the 
last unit responds as shown in Fig. 3: the pro- 
duction level of this last unit shows a pro- 
nounced internal business cycle, with a period 
of some 4 years. 

Two inferences can be drawn from this 
figure: 

(i) Without any dominant cyclic component 
in final demand, the system shows strong 
cyclic behaviour: the autonomous internal 
business cycle; the causes are the six mech- 
anisms, discussed above. 


(ii) The autonomous business cycle arises des- 
pite optimum local planning. No mistaken 
or suboptimum planning behaviour is built 
into the model: each factory responds opti- 
mally to the demand pattern it faces. The 


major causes of the failure of local planning 
are the distortion and the peristaltic effect. 


The system is stable, i.e. it is able to return to 
the equilibrium state after a disturbance. How- 
ever, the system as a whole (as opposed to each 
individual factory) is strongly underdampened, 
see Fig. 4. 

With the help of this model one can get an 
idea of the sensitivity of the system for par- 
ameters like chain length, the lead time in the 
response of production levels to sales level 
variations, the stocknorm constants (as was to 
be expected, a very important factor) and the 
damping factors in the two control rules, i.e. the 
smoothing constants in exponential smoothing 
and the a in equation (3). Figure 5 gives an 
example of the model’s behaviour for a rather 
high value of a (causing, of course, even less 
underdampened behaviour). 

One can take various measures to decrease 
the amplitude of the internal business cycle: a 
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Fic. 4. The response of the production level in the first and the fifth factory of the chain to an 
unpredicted pulse in the sales in month | for factory 5 
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Fic. 5. The response of the model to the same demand pattern as in Fig. 3, now with an increased 
value of « in equation (3) 


more dampened response of the aggregate pro- 
duction level to changes in aggregate demand 
(a lower « in equation (3)), shorter lead times in 
this response (very important), less pipeline 
inventories through improved ordering systems 
and less use of dynamic stocknorms. 

However, a more fundamental way of sup- 
pressing the internal business cycle is the sup- 
port of local aggregate planning by centralized 
aggregate planning in one way or another. In 
particular, if it were possible to create a direct 
transmission of information on final demand to 
every echelon of the chain (which eliminates 
the distortion and the peristaltic effect), the 
model shows that the internal business cycle 
can be practically absent, even with normal 
buffer inventories, reaction times etc. (see 
Fig. 6). 

This is, of course, not a new idea. Magee [9] 
uses essentially the same idea in his ‘base stock 
system’. However, to implement this idea in a 
vast, heterogeneous production network is a 
major undertaking. 





4. AGGREGATE PLANNING 


In Section 6 we will discuss the use of divi- 
sional aggregate planning to dampen the inter- 
nal business cycle. To introduce this subject, 
we will discuss some general aspects of aggre- 
gate planning, first the mono-organizational 
case and in Section 5 the multi-organizational 
one. 

Following authors like Anthony [1] we can 
distinguish various levels of control. In the first 
place we can make a distinction between stra- 
tegic and operational control. 

Strategic control is essentially the control of 
the nature of the output of the organization. It 
includes ‘vague’ but important issues like the 
formulation of business policy or market stra- 
tegy, but also very concrete decisions on invest- 
ments in fixed assets or in the development of 
new products. Decision-making on the size and 
structure of the organization can also be seen 
as a matter of strategic control. 

Operational control is essentially the control 
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Fic. 6. The response of the model to the same demand pattern as in Fig. 3 and with the same 
parameter settings, but now with direct transmission of information on the demand for factory 5 
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of the volume and mix of the output. It is the 
control of operations within the constraints set 
by strategic control, ie. a given range of 
products, given fixed assets and a given organ- 
ization. 

Within the level of operational control we 
can now distinguish two more levels of control, 
viz. aggregate planning and scheduling. 

Aggregate planning is basically concerned 
with the volume of the output. Its task is to 
smooth the aggregate production level in order 
to make optimum use of the capacity of ‘fixed’ 
resources such as manufacturing space and 
equipment [5]. Without smoothing one has to 
set these capacities at the peak demand level, 
which leads to costs of underload, or one has 
from time to time capacity bottlenecks, causing 
severe scheduling problems, longer and less 
reliable delivery times, which are also very 
costly.* And without a good aggregate plan- 
ning function one may even suffer from both 
evils: underload in one period and overload in 
another. 

Production level smoothing implies the use 
of variations in aggregate inventory levels to 
‘fill’ the possible peaks and valleys in the aggre- 
gate sales level. The use of seasonal inventories 
is a well-known example. Variations in aggre- 
gate order backlog (usually implying variations 
in delivery times) can perform the same func- 
tion. Production smoothing is therefore not re- 
stricted to production on stock, as some 
authors feel [2]. 

Together with production level smoothing, 
the aggregate planning function has also to 
control the labour capacity. This means in the 
first place the determination of the workforce 
size, but subcontracting and the use of over- 
and idle-time belong to this task too (although 
the use of over-time is sometimes restricted to 
solving short term problems at the scheduling 
level). 

The control level ‘scheduling’ controls the 
mix of the output. The key issues on this level 
are the determination of lot sizes and priorities 
with respect to distribution, production and 
purchasing within the constraints set by the 
aggregate planning function. Scheduling thus 
not only refers to the control of activities 





>It is remarkable that these types of costs are seldom 


mentioned in aggregate planning models (see for example 
Silver [13]). 


within a production unit, but also to the con- 
trol of the interactions with the environment 
through actions like customer order promising 
and the ordering of components and materials. 

In practice the control levels discussed in 
this section are not always explicitly separated. 
It is also possible that aggregate planning is 
not performed at all. In that case we may speak 
of ‘aggregate planning by default’, because the 
aggregate plan is then just the sum of the pro- 
duction orders. Without explicit decision- 
making on production smoothing, on the use 
of capacity and without a thorough inspection 
of the plan on possible capacity bottlenecks, 
one can only wait for the problems of over- 
and underload in order to solve them on an 
ad-hoc basis. 

The relations between the control levels 
should be such that the higher levels set the 
constraints for lower levels and that lower 
levels signalize when these constraints have to 
be reset [15, ch 14]. For the aggregation plan 
to have real impact on operations, it is essen- 
tial to design carefully the interface with the 
scheduling level. Otherwise the scheduling sys- 
tem will tend to schedule out production series 
(i.e. to postpone them) in times where the 
aggregate plan calls for a build up of aggregate 
inventory and to schedule them in, when one 
wants to decrease this inventory level. 

Aggregate planning is usually performed for 
product families, leaving the distribution over 
the various items within the family to the 
scheduling system. 

A very important issue is the damping of the 
response of the aggregate production level to 
the variations in sales (as we have seen in 
Section 3). At item-level the scheduling system 
will usually just plan the net requirements. This 
means that the increase or decrease of the 
quantity of an item to be produced over a 
period of time can be described by (the sym- 
bols having the same meaning as in (1)): 


AP = I* —1+S* —P (4) 


Planners sometimes tend to use such a net 
requirements calculation also to make aggre- 
gate plans. If one compares (4) with (3), one can 
see that this leads to an underdampened re- 
sponse: the damping constant in (4) is one 
instead of « (which is much smaller than one). 

Finally one can remark that aggregate plan- 
ning is more ‘elusive’ than scheduling. At the 
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scheduling level a production order, stating a 
lotsize, a desired completion date and starting 
date is a clear-cut instruction, whereas an 
aggregate plan is much fuzzier: it provides 
decisions on capacity and through this capacity 
constraints for scheduling, but these have 
always a certain margin at implementation. 
The costs involved in aggregate planning deci- 
sions are often more elusive too. They often 
include intangibles: costs, which are invisible in 
the routine accounting system (like various 
kinds of costs due to capacity bottlenecks or to 
a forced build up of the production level) or 
which will only materialize later (such as the 
costs caused by a lower worker morale, when 
one does not stabilize the shop sufficiently) and 
also ‘non-cost’ considerations, such as the com- 
pany image on the labour market. This elusive 
character has to be recognized when making 
smoothing algorithms. It implies in our 
opinion, for instance, that they should not be 
too detailed. Another implication is that the 
familiar drawback of the Linear Decision Rule, 
viz. the frequent small variations in workforce 
size [17], is not a very important one, because 
these usually fall within the margin of imple- 
mentation. 

The fact that aggregate planning deals with 
somewhat elusive problems does not, however, 
mean that they are not real: if you overload 
your capacity you are in for very real trouble 
indeed. 


5. AGGREGATE PLANNING IN A 
MULTI-ORGANIZATIONAL 
SITUATION 


Oné can distinguish three types of multi- 
organizational situations in aggregate plan- 
ning. The first type concerns a single factory, 
consisting of a network of capacity groups or 


production departments, supplying one 
another. The load of each department has to be 
smoothed, but at the same time one has to 
ensure the mutual adaptation of activity levels 
throughout the network: unbalanced plans 
lead to an increase of the aggregate inventories 
between these workstations. Keeping the 
network in balance is in particular difficult if 
the control characteristics of the departments 
differ. For instance, testing stations often use 
very specialized personnel, so these tend to 


become bottlenecks in boom times. Because of 
this one does not want to decrease the capacity 
of such groups too much in slack times, but 
tends to allow some underload in such periods 
(an example of a possible solution for such a 
type | problem is the IPSO control system, see 
Griinwald [6] and Braat [3]). 

The second type of multi-organizational 
problem arises, if it is important to link up the 
aggregate plans of a single factory with the cor- 
responding plans of customers and vendors. 
With customers one may want to make aggre- 
gate delivery contracts, leaving the specifica- 
tion of the items to be delivered to the schedul- 
ing systems. If one has a good relationship with 
(the more important) vendors, one may want to 
give them aggregate ‘advanced notices’ with re- 
spect to future requirements of components, to 
be specified in a later phase by orders at item 
level. The vendors use these advanced notices 
subsequently for their own aggregate planning, 
respectively use their aggregate planning for 
the promising of these advanced notices. 

The third type of problem is the multi- 
factory, multi-customer problem discussed in 
Sections 2 and 3 (another example of this type 
3 problem is given in Weston [18]). In such a 
system the suborganizations will often have a 
fair amount of autonomy of control (much 
more than the production departments in the 
type | problem). This autonomy is necessary 
because of the lack of sufficient information on 
the local situation at central level. Due to this 
greater autonomy one will usually utilize larger 
buffers (like stocks) between the units than at 
the factory level, which makes the network 
more sensitive for the internal business cycle 
problems discussed above. Therefore, one 
needs some central coordination to avoid thése 
problems. It is this coordination problem at 
the central level which constitutes the type 3 
problem (without central coordination one lias 
just a series of type 2 problems). The next 
section will discuss the multi-factory, multi- 
customer problem in more detail. 


6. AGGREGATE DIVISIONAL 
PLANNING 


An almost ideal solution for the divisional 
planning system would be a divisional Manu- 
facturing Resource Planning System. Unfortun- 
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ately it is not feasible to implement (and main- 
tain) such a MRP-system at scheduling level in 
such a vast, heterogeneous and geographically 
scattered network, because of the massive 
amount of information and communication 
required for this. 

However, at the level of aggregate planning 
the information load is much smaller: the 
number of product families is at least 10 to 100 
times smaller than the number of items and 
one needs much less detailed information, 
because the ‘implementation margins’ are 
larger than at the scheduling level. If one draws 
up a balanced system of aggregate plans for all 
the units throughout the network and if one is 
able to keep this system of plans up to date by 
frequent replanning (while maintaining the 
mutual balance), one can get a satisfactory 
overall behaviour even if the scheduling sys- 
tems of the various units operate only on a 
local basis. These scheduling systems can be 
driven by the orders from their direct cus- 
tomers, but the overall balance over the 


network is maintained if the local production 
plans at scheduling level stay within the con- 
straints set by the divisional aggregate plan- 
ning system. 

In the Audio Division of Philips Industries, 


discussed in Section 2, the development of a 
divisional aggregate MRP-system is still under 
way. One of the prerequisites of such a system 
is, of course, a planning organization to run it. 
One of the major improvements of divisional 
control in the past has been the reshaping of 
the divisional order processing department to a 
divisional planning department. This resulted, 
among other things, in the set up of a div- 
isional aggregate planning function, although 
the separation of scheduling and aggregate 
planning is in our opinion still not clear 
enough (because of this the daily expediting 
activities sometimes drive out the more sedate 
aggregate planning activities). 

Another very important improvement con- 
cerns the input of the production planning, viz. 
the commercial requirements. Formerly the 
production planning was driven by the orders 
from the sales organizations, while now pro- 
duction and distribution control is based on 
recent information on sales and on the inven- 
tories in the sales organizations. This elimin- 
ates the distortion effect and the peristaltic 
effect due to local inventory policies in the 
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sales organizations (some describe this as the 
replacement of a ‘pull system’ by a ‘push sys- 
tem’: the sales organizations no longer pull the 
products with orders, but the distribution 
centre pushes the products to them on its own 
initiative). 

In order to guide further developments the 
so-called PROSPECT-project was started. In 
the course of this project we designed a div- 
isional MRP-system and developed a proto- 
type of the computerized information systems 
embedded in it [15,16]. In the design a two- 
monthly cycle is used for the updating of all 
sales, production and material procurement 
plans throughout the division at capacity 
group level with a planning horizon of about 2 
years. 

The core of this MRP-system is the balanc- 
ing of these plans at central level, supported by 
an explosion by a computer system of the pro- 
posed new aggregate sales plans to capacity re- 
quirements and to aggregate material require- 
ments (using condensed parts lists) and a sub- 
sequent confrontation of the cumulative re- 
quirements with cumulative available capacity 
and with available materials (inventories on 
hand plus existing supply aggrements with ven- 
dors). 

This balancing procedure is concluded by a 
round table planning conference to eliminate 
remaining bottlenecks (using the simulation 
features of the computer system), whereupon 
the further elaboration of the plans is executed 
at the local level. 

Through the central balancing of plans the 
internal business cycle can be suppressed to a 
great extent, particularly because this central 
balancing implies a direct transmission of 
information on final demand: in this procedure 
the finished products factories and in particular 
the subassembly factories of the Audio division 
and the suppliers in the electronic components 
division do not only see the demand from their 
direct customers, but also the final demand. 
One has no longer a sequential response of the 
various units to changes in the sales volume, 
but a parallelization of these responses; as soon 
as the sales plans are changed all the echelons 
can adapt their production and material pro- 
curement plans to the new plan. 

At this moment elements from the design are 
implemented and some others are under con- 
sideration. However, the divisional aggregate 
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planning system is still rather a set of coupled 
procedures than an integrated system like it is 
in the PROSPECT-design. 

To conclude this discussion on divisional 
aggregate planning, we may remark that in this 
phase of system development the use of quanti- 
tative methods is primarily of a descriptive 
nature: the main issue is to calculate the conse- 
quences of new sales proposals or of bottle- 
necks in capacity or materials. Possible appli- 
cations of Operational Research techniques are 
the extrapolation of sales figures or the calcula- 


tion of indications for an optimal damping of | 


the response of production levels to changes in 
sales levels. At this moment, however, the main 
task is not to optimize but to draw up a feas- 
ible set of balanced plans for the network, i.e. 
plans for the various units which are matched 
to one another, each being a well balanced mix 
of equipment, labour, materials and of agree- 
ments with customers and suppliers. 
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The System Dynamics approach to modeling social systems appears to be gaining rapid acceptance 
as a legitimate tool of management science even as it still evokes controversy. Some of its basic 
assumptions, strategies and conventions are indicated. Modeling with this methodology is described. 
Primarily for pedagogical reasons, four approaches to starting a model are identified with some 
indications as to which of some of the published models might have used them. Finally, the issue of 
nonlinear relationships is raised. Some of the ways in which this matter can be dealt with are 


sketched. 


1. PRELIMINARIES 


SYSTEM DYNAMICS (SD), a methodology pro- 
posed by Forrester about two decades ago [11] 
and considerably developed since then by him 
and others [9, 12, 13, 18], appears to be gaining 
increased acceptance as a legitimate tool of 
management science. Many basic books in op- 
erations management either allude to its appli- 
cability or briefly describe it. See, for instance, 
[6, 7, 37,45]. Johnson et al. [24] devote a full 
chapter to it. It is labeled as the ‘controversial 
newcomer’ in [19]. 

The topics to which it is being applied are 
growing significantly in number. Apart from 
production-inventory problems—its original 
domain—applications have been reported in 
education [2,8,10,44], health care delivery 
[22, 23, 25, 39], epidemiology [26,46], mining 
[41], agriculture [35], ecology [30,36], 
research and development [38], numerous 
aspects of economics [17,27,47] and urban 
management [14, 15], among others. 

The controversy surrounding SD, first for- 
mally expressed by Ansoff and Slevin [4] then 
rekindled by the publication of Limits to 
Growth [31] has not abated. Questions as to 
what it is and is not are still being asked. The 





' The several approaches to be described can be col- 
lapsed into fewer ones, but at a loss of some pedagogical 
effectiveness. 
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combination of a controversial status and an 
expanding role should and has sustained con- 
siderable interest in SD. 

The controversies might have been caused 
not so much by the methodology itself, but by 
the areas to which it has been applied (e.g. 
world dynamics) and the manner in which it 
has been applied (e.g. using possibly heroic 
assumptions or building on partly impression- 
istic data). Unfortunately, the bulk of the meth- 
odology is described in the sources that have 
stirred up the critics or the proponents. There 
is a need to expose the mechanics of SD model 
building without bringing in the emotions sur- 
rounding it. 

The purpose of this paper, then, is to de- 
scribe some of the methods that are used and 
that can be used for constructing system dy- 
namics models. It is addressed particularly to 
those who are not system dynamics prac- 
titioners and who wish to acquire a modicum of 
operational knowledge of the methodology to 
better judge its potential and applicability to 
their own needs. 

Several approaches to SD model construc- 
tion will be described’ as well as some heuris- 
tics for dealing with such difficulties as non- 
linearities. The approaches to be delineated are 
not mutually exclusive. They are meant to be 
starting points. In all likelihood any experi- 
enced practitioner will have alternated from 
one to the other even in the same model. 
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The strategies in system dynamics 


Basically, system dynamics recasts feedback 
control theory in a numerical analysis frame- 
work. That is, the underlying differential/ 
difference equations are solved recursively typi- 
cally with a computer through the use of a 
specially developed language, DYNAMO. While 
much of the mathematical complexity of con- 
trol theory is thus shed, a reasonable amount 
of the power is retained. Any formal feedback 
control model can be converted into a SD 
equivalent and vice versa. 

In a general sense, the key strategy in SD 
modeling is to represent a system of whatever 
kind in terms /evels (or accumulation), the rates 
that feed in and out of these levels, and the 
causal relationships between levels and rates so 
as to capture feedback. Levels are defined at an 
instant in time. Population, bank balance, 
prevelance of a disease are all examples of 
levels. Rates, on the other hand, exist only over 
an interval of time. For instance, births or 
deaths per year, disease incidence, sales per 
month. Incidentally, in system dynamics rates 
are typically expressed in terms of units per 
time rather than some percentage per period. 
Thus interest rate would be in dollars per 
annum. 

Another key strategy is to distinguish 
sharply between a physical flow and a causal 
flow.” The former is conservative: what it takes 
from one level it transfers to another level. All 
units in the flow must be accounted for. It is 
the physical flows that rates regulate.* Causal 
flows in contrast are nonconservative and are 
essentially informational flows. To take away 
information about the value of a level does not 
diminish the level. They represent the func- 
tional (causal) relationships among rates, levels 
and parameters. 





? The term ‘causal flow’ may seem objectionable to some 
system dynamicists. They may find ‘information’ flow pre- 
ferrable. However, since it is the causal influences that are 
emphasized in SD ‘causal’ may be more congruent with 
SD. Others may object to ‘flow’ preferring instead causal 
or information or influence ‘link’. Since causation is forma- 
lized as functions and since in information delays a flow 
interpretation is inescapable, the use of ‘flow’ would at 
least not be in error. 

3 Occasionally rates regulate causal flows, too, as in 
information delays. 


* In some applications, principally industrial, five differ- 
ent types of solid lines are used to distinguish among ma- 


terial flows of personnel, money, orders, capital equipment 
and goods. 
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A third fundamental tenet is that whereas 
rates always influence the levels with which 
they are associated, levels may or may not 
influence a rate. The existence, the polarity 
(positive or negative) and the nature (linear and 
nonlinear) of level upon rate causation can be 
determined only in reference to the real system 
being modeled. For instance the level (number) 
of women influences the birth rate (expressed 
as births per period). But the rain accumu- 
lation (level) does not necessarily influence the 
rainfall (rate). Whenever a level influences its 
rate, direct feedback (two way causaiity) is 
created since the rate always influences the 
level. 


Diagramming conventions 


In system dynamics there is heavy reliance 
on diagrammatic representation. If the diagram 
is well done, developing the mathematical 
equivalent is easy. In this manner attention is 
focused on understandable visual representa- 
tions and even those practitioners with very 
inadequate mathematics training can be 
accommodated. Perhaps more importantly, the 
models can be communicated to decision 
makers of all sorts of formal background. In 
the process, any questionable assumptions 
injected by the modeler could be detected and 
examined. 

Since diagramming is so central to SD, uni- 
formity in conventions is particularly impor- 
tant. The levels appear as rectangles. Rates are 
shown as valves. A real (physical) flow appears 
as a solid line.* The source/sink of flow may be 
of no interest. In that case it is denoted as an 
irregular cloud. Causal flows appear as dashed 
lines. Note that there is always a causal flow 
from a rate to the associated levels. For parsi- 
mony, these causal flows are omitted. On the 
other hand, whenever level-upon-rate causa- 
tion exists it is explicitly depicted. Take-off 
points of causal flows are often denoted with a 
tiny circle to improve clarity. 

Parameters (constants) are underlined or 
overlined. Since parameters are really parts of 
causal flows, they are connected to rates with 
dashed lines. Also, the underline combined 
with the small take-off circle produces a theta- 
like symbol. 

Sometimes it is useful to express causal flow 
in terms of variable components that have 
independent meaning. Such variables are called 





Omega, Vol. 8, No. 3 


auxilliaries and are denoted by large circles. In 
Fig. 4, the use of these symbols is illustrated. 


Preliminaries of modeling 


An SD model, like any other model always is 
a representation of selected elements of the real 
system. Its chance of success is critically depen- 
dent on whether the process of selection is 
done judiciously. it is important to specify “the 
model’s purpose in terms of the dynamic sys- 
tem behavior to be explained” [29, p. 5]. Also 
of importance is to decide upon the model’s 
time horizon. For instance, when the time span 
is short a number of system elements can be 
ignored as inconsequential. For models to be 
run over long time horizons a different set of 
elements can be safely ignored [21]. 

A good SD model rarely is a one-shot affair. 
A number of revisions are usually needed—not 
unlike any other creative process. Sometimes 
the initial progress is so rapid as to create the 
false impression that the whole effort can be 
wrapped up quickly. As Hamilton et al. note 
[20, p. 26] modeling usually involves “hard 
work, accompanied by labor pains, to under- 
stand and relate results and findings in the 
literature.” They conclude that a balanced, flex- 
ible and iterative strategy is more likely to lead 
to a high payoff. 

At the onset thought should be given to 
checking the model for validity and reliability. 
While validation of large scale models (most 
- SD models are of this type) is still nebulous, 
some useful thoughts are emerging. See Senge 
[42] and Forrester [16]. 

In the following sections we will describe 
some steps in developing the initial SD model 
after one has completed such preliminaries as 
specifying purposes, identifying time horizons, 
and considering the validation strategies. 


2. APPROACHES TO MODELING 
WITH SYSTEM DYNAMICS 


Probably the most widely used approach in 
constructing the initial SD model is to identify 
the feedback loops and depict them in a ‘causal 





* This example was provided by RD Wright. 

° If in Fig. 1 solid lines had been used, the pedagogically 
useful superimposition in Fig. 2 would have been confus- 
ing. 
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loop diagram.’ The system elements of signifi- 
cance are shown without any regard to 
whether they are rates or levels. In fact some of 
the elements may turn out to be neither—just 
auxiliary variables. 

The regional model of Hamilton et al. [20], 
the natural resource utilization model of Beh- 
rens [5], the finite resource life cycle of Naill 
[32], and the Shantzis and Behrens model for 
population control in a primitive agricultural 
society [43] are among those that appear to be 
initially conceived in terms of causal loops. 

Let us provide an example and follow it 
through to a proper SD model.° Consider a 
simplified workforce and inventory situation in 
which sales rate is exogenous and the desired 
inventory level is fixed. The production rate is 
to be entirely determined by the workforce 
level. The latter is adjusted through a hire/fire 
rate to bring inventory levels as close to the 
desired levels as possible. The interdependen- 
cies are depicted in Fig. 1. Carefully note the 
direction of flows. The representation differs 
from conventional causal loop diagrams in one 
respect: broken lines are used instead of the 
usual solid lines. This way consistency with the 
convention of using broken lines for causal 
flows is maintained. And there is some pedago- 
gical advantage, as will be evident a little later. 

The next step is to classify the elements into 
levels, rates and auxiliaries. Then the physical 
flows can be superimposed. Alternatively 
physical flows can be imposed on the causal- 
loop diagram. Then those elements on the 
physical flow lines are either rates or levels. 
The elements that are only on causal flow lines 
are very likely auxiliaries [47]. The emphasis 
on ‘only’ should be well noted. As was pointed 
out earlier, paralleling every physical flow there 
is at least the rate-to-level causai flow. Thus an 
element that is on a physical flow is also on a 
causal flow. To show this more clearly, in 
Fig. 2 the physical flows have been imposed on 
the causal-loop diagram of Fig. 1.° Thus, poss- 
ible auxiliaries are those that lie on causal lines 
alone, e.g. indicated production rate or inven- 
tory discrepancy. 

In assigning the various elements in a causal- 
loop diagram to variable types a useful pro- 
cedure to follow is dimensional analysis. 
Generally speaking those elements that sit on 
physical flows and also have dimensions of 
units only are levels e.g., inventory or work- 
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Fic. 2. Physical flows imposed on the causal-loop diagram 


force.’ Those elements that appear along 
physical flows and also are in terms of units 
per time are most likely rates, e.g., production 
or sales. Additionally, a rate should never be 
followed by another rate on the same physical 
flow line. Neither should a level be followed 
immediately by another level.® All these follow 
from levels being accumulations of flows, and 
flows being regulated by rates. 





7 Sometimes, a level may lie in a causal flow, e.g., aver- 
aged rate. 

8 The alternation of rates and levels is extensively argued 
in Forrester, Principles of Systems [13]. There are some 
exceptions. For instance in a model including acceleration, 
velocity and distance, velocity is the level for acceleration 
but the rate for distance. For more on this see Sahin, ‘Some 
Obscurities in System Dynamics’ [40]. 


Applying these notions of flow lines, dimen- 
sions, and appropriate sequences to Fig. 2 pro- 
duces the still incomplete SD model in Fig. 3. 

To make it operationally complete, the cau- 
sal relationships in the model of Fig. 3 need to 
be explicitly stated. In the process many more 
causal flows are added, as will be illustrated 
shortly. To maintain the legibility of the dia- 
grammatic model it is important to be parsi- 
monious and delete the obvious causal flows. 
As was stated earlier there is always a causal 
flow from a rate to a level. Thus these flows 
can be and are omitted. In Fig. 3 there are 
three such flows: from sales rate to inventory, 
from production to inventory and from hire/ 
fire rate to workforce. In the complete model 
shown in Fig. 4, these flows have been omitted. 
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Explicit statement of causations 


So far causal flows have been discussed in 
terms of whether they exist or not. For a model 
to be usuable for analysis, the ways in which 
causal flows depend on the elements they 
involve must be explicitly stated. 

Rate-upon-level causal flows, such as the one 
from production rate to inventory, can be 
easily described: they either indicate that the 
flow be added to the existing value of the level 
(if the flows are into a level) or subtracted when 
the flows are away from a level. Consequently, 
when a level receives causal flows from several 
rates, these flows are algebraically added, that 
is, accumulated or integrated. Thus, the causal 
dependence of a level on rates can always be 
stated as follows: The new value of a level 
equals the old value of it plus the new physical 
flows since the old value was computed. 

The level-upon-rate causations, on the other 
hand, can have most any form of dependency. 
And more often than not, their functional form 
is nonlinear. Some system dynamicists seem to 
prefer to deal with nonlinearity directly. Others 
appear to favor starting with a basic linear re- 
lationship and modifying it with ‘multipliers’. 
For instance, some of the key rates in World 
Dynamics are formulated with such multipliers. 

From an expositional viewpoint, the strategy 
of evolving the level-upon-rate causations from 
a linear nucleus is more informative. If care- 
fully handled, this indirect strategy as well as 
the direct one should produce equivalent 
results. 

Conceptually, the simplest form of linearity 
is the direct proportionality of a rate to level. 
For instance, Production Rate in Fig. 3 might 
be viewed as being, on the average, directly 
proportional to Workforce. Many com- 
pounded growth processes, in their simplest, 
contain a direct proportionality of rate to level, 
such as birth rate being proportional to the 
population or interest earned rate being pro- 
portional to the principal. 





° While in concept such real world interpretation of par- 
ameters appears neat, in practice it might have lead to an 
overreliance on subjectively estimating parameter values. 
Also, the disaggregation of dependencies among variables 
into causal constituents, useful in making models meaning- 
ful, may considerably increase the need for subjective par- 
ameter estimation since data often is not available, at least 
not readily. To some, the result is a haphazard approach to 
incorporating data into SD models and thus a weakness of 
the methodology. 
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A somewhat more complicated linear re- 
lationship is one in which the rate is propor- 
tional to the difference between a level and 
another model component which often times is 
the desired, indicated, normal or the reference 
level. For strict linearity, this reference level 
should be a constant. In many interesting 
cases, however, the strict linearity evolves into 
a formulation in which the reference value is 
seen to be a function of other elements in the 
model. Consider, for example, the Hire/Fire 
Rate in Fig. 3, which might be conceptualized 
as being proportional to the difference between 
the indicated workforce and the actual work- 
force. Also, it is apparent in the same figure 
that the indicated workforce is a variable. 


Interpreting and dimensional 


analysis 


parameters 


In order to make the statements about level- 
upon-rate causation operational, the propor- 
tionalities must be converted into equalities 
through the introduction of constants of pro- 
portionality, and then the values of these con- 
stants must be specified. Parameter specifica- 
tion in SD or any other modeling approach is 
a difficult matter. The obvious but not necess- 
arily an effective or efficient strategy is to use 
regression analysis upon sample data—a popu- 
lar scheme with econometricians. In contrast, 
the system dynamicist tries to give real world 
interpretation to the parameters [29]. As a 
result, SD models become more understand- 
able by its users and often parameter values 
can be obtained readily once their nature is 
perceived.” 

Dimensional analysis is a technique that can 
be used to advantage in interpreting par- 
ameters. Consider the production rate. The 
presumed relationship is: 


Production rate = C x workforce 


where C is the constant of proportionality. 
Production rate is in terms of units/time, e.g. 
shoes per day. Workforce is in terms of people. 
Hence for dimensional equality C must have 
dimensions of (unit/time)/people or units/ 
(time x people) e.g. shoes per manday. Clearly, 
then, C is nothing more than productivity. 
Once this is perceived, its value can be directly 
obtained or estimated. 
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Consider the hire/fire rate. The postulated 
causal relationship is: 


Hire/fire rate = 
D x (indicated workforce level—actual workforce level). 


This rate is in terms of people/time. The indi- 
cated and actual levels are both in terms of 
people. Thus D has the dimensions of time *. 


Let us define a new constant T such that 


T = 1/D. 
Thus, the hire/fire rate becomes 


Hire/fire rate = discrepancy/T. 


We can see that Tis the time to adjust, i.e. the 
speed with which the discrepancy will be re- 
moved. Its value can thus be based on manage- 
ment policies. 

The same approach can equally well be 
applied to auxiliaries. For instance, consider 
the indicated production rate in Fig. 3 where it 
is shown to depend on inventory discrepancy. 
As a starting assumption, let us postulate that 
the dependency is one of direct proportionality. 
The constant of proportionality can be inter- 
preted exactly the way D was in the hire/fire 
rate relationship. Thus, 


Indicated production rate = inventory discrepancy/T2 


where 72 is the appropriate speed of adjust- 
ment.!° 

The relationship between the indicated 
workforce and indicated production rate is the 
‘ inverse of the one between actual production 
rate and actual workforce. Thus, 


Indicated workforce = indicated production rate/C 


with C being the productivity 

The complete SD model with the presumed 
level-to-rate causal rate flows and with all the 
parameters interpreted appears in Fig. 4. 


Other approaches 


A second approach to constructing SD 
models is to start with the levels. Thus, instead 
of initially identifying feedback loops, one 
searches for all the levels (accumulations) that 





'0 Tn order to keep the exposition simple, this very naive 
production decision rule has been chosen. Coyle [9, p. 51] 
describes this ‘inventory-based’ rule and shows that at 
steady state it produces an actual inventory level that is 
consistently below the desired inventory level. A more re- 
alistic rule is to add in average or smoothed sales. See 
Coyle [9, p. 53] for more on this point. 
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reasonably define a system. For the example 
under consideration one might start with 
workforce and inventory as the two levels. 
Dimensional analysis would be useful in ascer- 
taining the correctness of our identification. 
The next step is to find the rates associated 
with these levels—usually an easy process. The 
sources of replenishment of the levels would 
point to inflow rates whereas the drains would 
be the outflow rates. In our example, inventory 
is replenished. Hence an inflow rate which is 
obviously the production rate. There is drain- 
age of inventory. Hence an outflow rate which 
is the sales rate. For the workforce, too, there is 
both replenishment and drainage. We have, 
however, combined the inflow and outflow 
rates into a single one: hire/fire rate, ostensibly 
because both rates behave in an identical way. 
Sometimes there are multiple sources of replen- 
ishment or drainage each having a somewhat 
different causation. In that case we would have 
multiple input or output rates. For example, it 
may be useful to show overtime production 
separately. 

Having identified the levels, the rates, and 
hence the physical flows we then would delin- 
eate the causal links using our knowledge of 
the system under examination. In Fig. 5 we 
show the development of the same inventory- 
workforce model using the second method. 

A third approach is to isolate the policy vari- 
ables which are to be regulated or investigated. 
These variables typically correspond to rate 
variables. Having isolated these key rates one 
can determine the associated levels and then 
the other rates and finally the causal links. 
Auxiliaries are included as intervening vari- 
ables in the causal links. 

Assume that the policy in the workforce- 
inventory model is to regulate production by 
regulating the hiring and firing of the work- 
force. No overtime or reduced loads are to be 
allowed. The policy corresponds to the fire/fire 
rate. Starting with this element and guided by 
the domain of the policy we can evolve the 
model. 

A fourth approach is possibly the simplest. 
We start out with the physical flows, in our 
case the flow of people and the flow of goods. 
Levels are then inserted into these lines as well 
as the rates. Finally, the causal links are added. 

The last three approaches are all based on 
starting with the representation of the physical 
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Fic. 5. The inventory/workforce model developed with the levels as the starting point 


and/or tangible elements of the real system: 
levels, rates, and flows. In contrast, the first 
approach is based on presumed causal relation- 
ships. Many models as reported in the litera- 
ture use this causal-loop-diagram-first method. 
However a substantial number of models 
evolve from the tangibles-first approaches. 
Among these models are: Forrester’s Urban 
Dynamics [14], Randers’ DDT movement 
model [35], Anderson and Anderson’s model 
of mercury contamination [1], Anderson’s lake 
eutrophication model [2] and the Randers and 





'! Our ascription of the SD models cited in this paper, 
to the ‘tangibles-first’ or ‘causal-loop’ approach was based 
on the examination of their formulation as reported in the 
literature. It is conceivable that the modeler actually used 
one approach but then reported in terms of another 
approach 


Meadows model of solid waste generation 
[34]. Also, the primary example in the widely 
used DYNAMO manual of Pugh is based on a 
tangibles-first perspective [33].!! 


Dealing with nonlinearities 


The discussion so far included primarily 
linear causation. In many cases, at least some 
of the rates must be modeled as nonlinear func- 
tions of levels. The most direct approach is to 
capture the relationship in a closed mathemat- 
ical form. However, it may often be difficult to 
find a suitable and simple mathematical ex- 
pression for the underlying relationship. Even 
if such an expression is found for an interval, 
there is the danger that in regions outside the 
normal interval the expression is misleading. 

A popular system dynamics approach to 
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dealing with nonlinearity is to plot the level- 
upon-rate causation, i.e. rate versus level, and 
then capture the plot as a numerical schedule 
or table. This approach has the advantage of 
forcing the modeler/client team to examine 
each region of the causal relationship carefully. 
Also, since SD accommodates numerical tables 
as readily as algebraic expressions, no difficul- 
ties are encountered in developing the alge- 
braic SD model. Furthermore, a client with no 
mathematical background can readily compre- 
hend a nonlinear plot and the corresponding 
numerical table whereas a closed form ex- 
pression could easily be a stumbling block. 
One disadvantage of the approach is that an 
approximately drawn plot, when converted to 
a numerical schedule produces decimal 
numbers which give the false impression of pre- 
cise data. 

Even with the plotting approach, expressing 
nonlinearities can be very difficult especially 
when data are scarce or sparse. In such cases a 
useful approach is to start with a presumed 
linear relationship and then identify the com- 
ponents of the relationship that could be the 
sources of nonlinearity. The advantage of 
decomposing a rate—level relationship into con- 
stituents is that it is often easier to obtain data 
on each constituent and thus the whole re- 
lationship as compared to directly getting data 
on the aggregation. The disadvantage, of 
course, is that the decomposition process can 
. be difficult to achieve. 

Consider a simple pollution model as shown 
in Fig. 6 and in particular the dependency of 
Pollution Absorption Rate on Pollution. The 
most straightforward way would be to express 
the rate directly as a mathematical function of 
the amount of pollution. When such a direct 
representation is difficult, the aggregate depen- 
dency can be broken into its components. For 
example, Absorption Rate can be seen as the 
level of pollution divided by the time it takes 
for a unit load of pollution to be absorbed, or 


Absorption rate = pollution level/absorption time. 
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Fic. 7. Pollution absorption time vs pcilution level 


If the relationship is non-linear, one should 
examine Absorption Time as the source of it. 
For low levels of pollution, absorption ca- 
pacity, i.e. time to dissipate a unit load would 
remain relatively constant and then increase, 
most likely in an exponential fashion, as the 
system gets so polluted that the natural clean- 
ing mechanisms are crippled. Figure 7 depicts 
such relationships between Absorption Time 
and Pollution Level. Of course, the relation- 
ship need not be exponential or for that matter 
any other mathematical function. If the plot 
such as the one in Fig. 7 is accepted as repre- 
sentative, it can simply be converted to a nu- 
merical schedule or a ‘table function’ and di- 
rectly used in the simulation. 

An alternate and more popular SD approach 
to dealing with nonlinearities is to postulate a 
basic linear relationship and then modify it 
with variables that reflect the nature of the 
sources of the nonlinearity. For example, con- 
sider the basic birth model, 


Birth rate = population * normalized birth rate. 


Normalized birth rate is typically expressed as 
fraction per time period, for example, as per 
cent per year. In many situations, this com- 
ponent does not remain constant but varies 
with population for such reasons as crowding. 
Instead of directly expressing the relationship 
between the normalized birth rate and popula- 
tion (similar to relating absorption time to pol- 
lution in the previous example) the practice is 
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Fic. 6. A simple pollution model 
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to attach to the linear relationship a ‘multi- 
plier’ to account for the nonlinearity. Thus, 


Birth rate = ae 
population * normalized birth rate * crowding multiplier. 


This second approach represents a greater 
degree of decomposition of the underlying re- 
lationship between a rate and a level. It is par- 
ticularly useful when the-level-upon-rate causa- 
tion is complex and data on it rather sparse. In 
such cases, the deeper disaggregation allows 
one to augment available data with ‘judgemen- 
tal’ data, i.e., data not collected according to 
usual statistical rules but culled from accum- 
mulated experience and impressions. Also, data 
is often available for small variations around 
the average or usual values of levels and rates. 
In many modeling runs, however, one explores 
regions well beyond the mean values. Making 
linear projections into these regions would be 
misleading. Unavailability of observations in 
such regions would preclude making 


empirically-based corrections. The method of 
‘multipliers’ (better called ‘modifiers’) can be 
used to inject modifications that derive from 
experience, judgment and impressions. 

‘Both aspects of the multiplier method can be 
illustrated with the crowding multiplier in the 


above example. Let us assume that data on 
normalized birth rate is available for the pre- 
vailing population level. Thus, for that value of 
population, the linear relationship would hold, 
and the crowding multiplier would have a 
value of 1.0, leaving the linearity unaltered. Let 
us further assume that if the population were 
to increase by 20% crowding would inhibit the 
rate and that empirical data on this point are 
sparse. Combining whatever data are available 
with experience, judgment and impressions one 
might conclude that the normalized birth rate 
would be inhibited to, for instance, 90% of its 
average value. The value of the crowding mul- 
tiplier would thus be 0.9 when population is 
120% of its average value. When several other 
points are developed in this fashion, a curve 
can be fitted which can then be converted into 
a table function to be used in the simulation. 
The method of multipliers can easily be 
extended to cases where the non-linearity de- 
rives from many factors, e.g. crowding, pollu- 
tion, food, material standard of living. For each 
factor there would be a separate multiplier and 
each multiplier would be expressed as a func- 


tion of the level or levels or auxilliaries based 
on levels. The composition of the multipliers 
with the basic linear relationship would then 
produce the rate equation. The typical compo- 
sition is multiplication of the multipliers with 
the basic relationship. 

This approach to handling nonlinearity can 
indeed greatly facilitate development of rate re- 
lationships from sparse as well as disaggre- 
gated data. A primary example of pervasive use 
of this strategy is the world dynamics model 
[31]. The urban dynamics model [14] also 
employs the approach extensively. 

A strong drawback of decomposing a re- 
lationship into its constituents and then recom- 
posing it through multiplication is that the 
method is valid when influences operate on the 
rate independently of each other. If strong 
interdependencies exist, this approach would 
produce erroneous and even absurd results. 


3. SUMMARY AND CONCLUSIONS 


The still controversial but increasingly popu- 
lar system dynamics approach to modeling 
social systems has been briefly described, pri- 
marily for those management scientists who 
are not system dynamics practitioners but who 
wish to acquire a modicum of operational 
knowledge of the methodology to better judge 
its potential and its applicability to their needs. 
Readers wishing more in-depth exposition 
should consult Forrester [12,13], Goodman 
[18] and Coyle [9]. Readers who might want 
to view SD from the perspective of Markov 
modeling, a well established management 
science methodology, could refer to Sahin [40]. 

For pedagogical reasons, four ostensibly dif- 
ferent approaches were identified: starting with 
a causal loop diagram and then proceeding to 
identifying level and rate variables and then the 
causal flows; starting with levels; starting with 
the rates that correspond to policy variables of 
interest; finally, starting with the physical 
flows. It is understood that these approaches 
are not mutually exclusive. 

At this stage of SD development it is difficult 
to determine which approach leads to a more 
successful model. Factors other than the initial 
method choice are probably more responsible 
for the success of a modeling effort. Also, a 
modeler very likely combines the various 
approaches in a given effort. The author’s 
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modeling and teaching experience biases him 
towards the tangibles-first approaches, i.e. the 
last three methods. People typically view the 
world in terms of levels and flows, not in terms 
of loops. Having identified a reasonable set of 
levels, it is easier to develop the rates. And with 
levels and rates in the right sequence causation 
can be developed in a step by step manner. A 
thorough modeler could then extract the causal 
loops and examine them for requisite compre- 
hensiveness with respect to the purposes of the 
model. However, in large models there may be 
far too many loops in which case the modeler 
would initially focus on the major loops. 

The causal-loops-first approach might be 
more useful in the hands of the experienced 
modeler. Based as it is on undifferentiated ele- 
ments as well as flows it would lead to difficul- 
ties in rate-level classification if not used with 
care. 

Whatever the approach, one is inevitably 
confronted with dealing with non-linearity. Al- 
though most social systems are highly non- 
linear, many modeling methodologies such as 
Markov modeling rely heavily on linearity 
assumptions. In system dynamics nonlinearity 
is extensively dealt with. Some of the strategies, 
as implied in the more popular models were 
briefly discussed, including the use of multi- 
pliers to modify a linear relationship presumed 
to hold in the vicinity of normal values. Also 
discussed was the use of tables or schedules to 
express nonlinear relations. Since system dy- 
namics relies on numerical procedures for 
simulating the models, such tables and sche- 
dules are easily handled. making the use of non- 
linear relationships no more difficult than 
linear ones. 
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The paper describes the procedures employed at Ohio National Bank to improve operations of the 
check handling and clearing system. It illustrates the approaches utilized to (1) schedule messenger 
vehicles, (2) determine worker shift schedules, (3) forecast daily work loads and (4) develop work 
priorities. These four tasks improved productivity and reduced float at the bank. Also discussed is 
the data required to utilize the formal planning procedures illustrated. The paper indicates the 
financial impact of this work and future efforts in a dynamic banking environment. 


INTRODUCTION 


IN TODAY’S ECONOMY, with rising wage and 


equipment costs, most banks are under 
increased pressure to improve operations. The 
increased operating costs have raised a new 
goal in the banking industry in general, and 
Ohio National in particular. This goal is to 
improve the productivity of the bank oper- 
ations, in such areas as check processing, teller 
staffing, rework, and credit card guarantee. 
This improvement can come from a variety 
of sources. First, more effective planning to 
allocate personnel and equipment provides for 
better utilization of limited resources. For 
example, the increasing use of part-time per- 
sonnel to meet peak loads has reduced payroll 
costs and kept service high. Second, tighter 
control procedures to evaluate where improve- 
ments are possible, such as reducing errors and 
rework. And third, a redesign of the service/ 
process system configuration to improve oper- 
ations by reducing tasks/operations in provid- 
ing the financial service. For example, many 
banks are installing automatic teller machines 
(ATM) as a way of providing 24 hr service. In 


this case the ATM is a substitute for the 
human teller. 

This paper illustrates the planning pro- 
cedures in use at Ohio National Bank (ONB) 
to improve the check handling and processing 
system. They have been utilizing formal 
approaches to effectively plan the allocation of 
personnel and equipment, in such areas as 
encoder work force scheduling and messenger 
vehicle routing. These efforts have resulted in 
substantial cost reductions and faster check 
clearance. In the past it was not uncommon to 
have $16-20 million holdover (float) on any 
given day. This costly float has been substan- 
tially reduced. 

It is the goal of this paper to illustrate the 
extent that systematic planning and scheduling 
procedures can improve bank operations for 
check clearing. Hopefully, the efforts reported 
here will prove helpful to others by providing a 
guide to managers and system analysts faced 
with similar operating structure. Substantial 
benefits of reduced wages and float are present 
when done correctly. se 

The paper starts by describing the character- 
istics of ONB and its check handling and clear- 
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clearing system. Next, a description of the 
planning, forecasting, and scheduling pro- 
cedures in use is presented, along with their 
financial impact. The paper concludes with a 
discussion of the implementation issues to be 
faced and the need for continued monitoring 
for long run effectiveness in a dynamic banking 
environment. 


ONB BACKGROUND 


ONB, the biggest division within the Banc- 
Ohio organization, is the largest bank in the 
Columbus, Ohio area, with $1.6 billion in 
assets in 1978. It operates 44 offices in Franklin 
county, handles over 250,000 checks through 
its branches on a typical day, and employs in 
excess of 1,200 individuals in the community. 

Figure 1 presents a convenient overview of 
the check collection and clearing system. Work 
arrives at the central facility from four possible 
sources: Federal Reserve Bank, Correspondent 
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Banks, Clearing Houses and Branch Banks. 
Checks arriving from the first three represent 
incoming work from other banks in the local 
area and around the country. This work has 
already been encoded and goes directly to sort- 
ing and filming. The remaining work for the 
central facility originates at ONB’s branches 
around Columbus at the teller windows 
throughout the day. During the day, mes- 
sengers pick up accumulated work and trans- 
port it to the central facility. At the central 
facility, the checks are encoded with magnetic 
ink and then mechanically sorted by desti- 
nation code. Checks drawn against other banks 
must then be sent to correspondent banks or 
the Federal Reserve Bank by specific times for 
clearance. If the checks do not meet the dead- 
line, then the bank’s float increases. 

The transfer of funds between banks gener- 
ally occurs through the Federal Reserve Bank 
(FRB) since it is the most widely used clearing 
agent. Each bank maintains an account at FRB 
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which represents their reserve requirements, 
which provides the means of transferring. For 
example, when an Atlanta bank (Bank A) 
cashes a check drawn against a Boston bank 
(Bank B), Bank A will send the check to the 
FRB for clearing. When the FRB receives the 
check, it will remove the funds from Bank B’s 
account and add them to Bank A. Until Bank 
A presents that check to the FRB, it has 
reduced its investable funds by the amount of 
that check. 

Since early 1976, ONB has been active in 
looking at procedures to improve operations, 
ranging from vehicles scheduling of the mes- 
senger system to work force scheduling in the 
central processing facility. Increasing operating 
costs and large holdovers were the prime con- 
cern for this effort. For example, the messenger 
system costs (salaries, fuel, equipment etc.) had 
exceeded $100,000 in 1976, encoder department 
wages averaged $250,000 annually, and transit 
dollar holdover (float) had often reached $20 
million a day. All these factors combined to 
reduce bank profits. 

Faced with these problems, bank manage- 
ment initiated an intensive review of current 
check operations. Two avenues were explored 
to provide improvement. First, formal pro- 
cedures for routing vehicles, sequencing work, 
work force scheduling, and getting checks 
through the system faster were reviewed. And 
second, information requirements were evalu- 
ated to determine whether or not good data 
existed in areas like productivities, branch 
work accumulation, work load projections, and 
operating costs to provide a better planning 
base. Naturally, the use of any formalized plan- 
ning and scheduling procedures require accu- 
rate data if they are to be effective. 


PLANNING, FORECASTING AND 
SCHEDULING PROCEDURES 


ONB decided to concentrate its effort on the 
operations of scheduling vehicles and the 
encoder work force since these two represented 
a bottleneck, and the major constraint to check 
clearance. The sorting operation caused little 





1Since the vehicle scheduling application at ONB, 
Arthur Hill has incorporated and is marketing this system. 
It is known as ‘CHEXPEDITE’ and can be obtained 
through the Arthur V Hill Company, Pentagon Office 
Park, 4600 West 77 Street, Minneapolis, Minnesota, USA. 
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delay because it is done on high speed 
machines. Most transit checks must leave the 
bank by 8.30p.m. in order to meet the 
9.00 p.m. Federal Reserve deadline. This dead- 
line time and the fact most work arrives in the 
late afternoon results in the short time span the 
bank has to process the checks. Therefore, the 
bank must effectively manage its operations if 
holdover is to be kept to a minimum. 

The following FORMAL PLANNING 
PROJECTS were initiated to improve oper- 
ations: 


Vehicle scheduling 

1. Application of a computerized vehicle 
scheduling system based upon work loads 
and central facility processing capacity. 

Daily work load forecasting 

2. Development of a daily work load fore- 
casting model for work force scheduling. 

Encoder work force scheduling 

3. Application of a mathematical program- 
ming model for work force shift schedul- 
ing based upon forecasted work loads, 
worker productivities, wage costs, and 
opportunity costs. 

Priority sequencing 

4. Use of priority rules to sequence bundled 
work, so that high transit work receives 
first preference. 


In the next section, the projects are described 
in detail. 


Vehicle scheduling 


ONB is faced with a multiple branch— 
multiple vehicle scheduling environment, where 
a short time window exists to handle work. 
Vehicle schedules are dependent upon the build- 
up of work at branches and moving that work 
to the central facility. If stops are too early, 
then the bundled work will contain fewer 
checks for processing. If stops are later in the 
day, pick up volume increases but the time 
before the evening deadline time is decreased. 
Therefore, a tradeoff exists between the pick 
ups on a route, the timing of the dispatch, and 
the number of vehicles. 

ONB utilized the Bank Messenger Vehicle 
Scheduling Program (BMVSP) developed by 
Arthur Hill [2].' It is designed to schedule a 
given number of messenger vehicles so that the 
total vehicle travel time is minimized subject to 
the constraint that the vehicle schedules must 
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maintain a supply of checks to meet a given 
check processing (encoding) schedule. The total 
vehicle travel time is a surrogate measure of 
variable vehicle costs (gas, oil, tires etc.). 

The BMVSP package utilizes a heuristic 
approach to arrive at a set of vehicle dis- 
patches. The four decision rules that provide 
the basis for this approach are: 


Rule 1: Before the time the branch closes, 
dispatches should be scheduled as 
late as possible to collect the most 
work and still keep the central 
facility supplied with checks. 


At each decision point of adding a 
branch to a route, select the branch 
bank i with the highest W(i) priority 
index, where W(i) is defined as: 


total dispatch check volume 

with branch bank i included 
total dispatch travel time 

with branch bank i included 
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Rule 3: After the branch bank closing time, 
dispatches should be scheduled as 
early as possible and all branches 
should be visited after closing. 


For M-vehicle scheduling problem, 
vehicle 1 is assigned to dispatch 1, 
vehicle 2 to dispatch 2, and so on 
until vehicle M is assigned to dis- 
patch M. Vehicle | is then assigned 
to M + 1, vehicle 2 is assigned to 
dispatch M + 2, and so on for all 
dispatches. 


The program generates a series of reports. 
One set of the reports reproduces input data 
like branch bank check availability schedules, 
travel time between branches, and check pro- 
cessing center capacity. The remaining reports 
provide the results of the assigned vehicle sche- 
dules. Table 1 provides a partial example of the 
dispatch information. Contained in the report 
is information as to the assigned vehicle, the 


TABLE |. DISPATCH INFORMATION, PARTIAL EXAMPLE 





Dispatch 11 Vehicle 1 
Branch 806 
Time 1244 hrs 
Volume 
Dispatch 11 check volume 
Time processing will be completed 
Dispatch 11 travel time 
Dispatch 12 Vehicle 2 
Branch 806 
Time 1236 hrs 
Volume 
Dispatch 12 check volume 
Time processing will be completed 
Dispatch 12 travel time 
Dispatch 13 Vehicle 3 
Branch 806 
Time 1240 hrs 
Volume 
Dispatch 13 check volume 
Time processing will be completed 
Dispatch 13 travel time 
Dispatch 14 Vehicle 4 
Branch 806 
Time 1255 hrs 
Volume 
Dispatch 14 check volume 
Time processing will be completed 
Dispatch 14 travel time 
Dispatch 15 Vehicle 5 
Branch 806 
Time 1308 hrs 
Volume 
Dispatch 15 check volume 
Time processing will be completed 
Dispatch 15 travel time 


804 
1251 hrs 
1443. cks 


817 


805 
1245 hrs 
1388. cks 


809 
1253 hrs 
1304. cks 


826 


812 
1304 hrs 
1338. cks 


803 


807 
1315 hrs 
1101. cks 


824 


1301 hrs 
2437. cks 


1303 hrs 
3361. cks 


1314 hrs 
1495. cks 


1332 hrs 
2457. cks 


806 
1314 hrs 


3881. checks 
1328 hours (military time) 
0.502 hours 


819 
1305 hrs 
2689. cks 

5432. checks 
1339 hours (military time) 
0.755 hours 


806 
1321 hrs 


810 
1314 hrrrs 
3045. cks 
7710. checks 
1355 hrs (military time) 
0.878 hours 


806 
1332 hrs 


808 
1324 hrs 
2311. cks 

7135. cks 
1409 hours (military time) 
0.877 hours 


816 
1338 hrs 
1991. cks 


806 
1348 hrs 


822 811 
1342 hrs 1352 hrs 
2161. cks 2102. cks 

7821. checks 
1425 hours (military time) 
= 0.898 hrs 
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TABLE 2. SUMMARY REPORT 





Dispatch Vehicle Begins 


Ends 


Travel time Check volume 





1014 hrs 
1012 hrs 
1048 hrs 
1025 hrs 
1046 hrs 
1100 hrs 
1125 hrs 
1140 hrs 
1147 hrs 
1236 hrs 
1244 hrs 
1236 hrs 
1240 hrs 
1255 hrs 
1308 hrs 
1324 hrs 
1323 hrs 
1333 hrs 
1447 hrs 
1445 hrs 
1451 hrs 
1446 hrs 
1452 hrs 
1520 hrs 
1529 hrs 
1540 hrs 


OmPenAIDUSWN 
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Branch bank 806 check volume 
Total incoming check volume for day 


1100 hrs 
1112 hrs 
1126 hrs 
1133 hrs 
1151 hrs 
1207 hrs 
1224 hrs 
1237 hrs 
1254 hrs 
1313 hrs 
1321 hrs 
1328 hrs 
1339 hrs 
1355 hrs 
1409 hrs 
1425 hrs 
1440 hrs 
1459 hrs 
1527 hrs 
1536 hrs 
1547 hrs 
1557 hrs 
1617 hrs 
1656 hrs 
1721 hrs 
1755 hrs 


0.65 hrs 
0.88 hrs 
0.50 hrs 
1.02 hrs 
0.96 hrs 
0.99 hrs 
0.86 hrs 
0.83 hrs 
1.00 hrs 
0.49 hrs 
0.50 hrs 
0.76 hrs 
0.88 hrs 
0.88 hrs 
0.90 hrs 
0.89 hrs 
1.17 hrs 
1.31 hrs 
0.53 hrs 
0.75 hrs 
0.81 hrs 
1.07 hrs 
1.31 hrs 
1.49 hrs 
1.74 hrs 
2.14 hrs 
25.31 hrs 


6022. cks 
7005. cks 
3734. cks 
8937. cks 
8069. cks 
8530. cks 
6389. cks 
8615. cks 
9210. cks 
4092. cks 
3881. cks 
5432. cks 
7710. cks 
7135. cks 
7821. cks 
7515. cks 
9454. cks 
9475. cks 
2742. cks 
4493. cks 
4706. cks 
7485. cks 
9805. cks 
10532. cks 
18727. cks 
3750. cks 
191265. cks 
39748. cks 
231012. cks 


Totals 





stops on the routes, the timing of stops, and the 
estimated number of checks to be picked up by 
the branch. Ali routes start and terminate at 
the central facility (Branch 806). Table 2 illus- 
trates the summary report of the dispatches 
over the day and the arrival of work at the 
central facility. 

The benefits from the package were sub- 
stantial. First, a savings of over $30,000 was 
realized by reducing the number of required 
vehicles and staff from 8-5. And second, the 
work now arrives earlier to the central facility, 
reducing the ‘waiting for work’ (idle) time ex- 
perienced by encoders in the past. 


Daily load forecasting 


The forecasting of daily work loads was 
recognized as a prerequisite for effective en- 
coder staffing at the central facility. Manage- 
ment knew that work loads experienced tre- 
mendous daily fluctuations, thus generating 
different work force requirements. It became 
even more critical when the bank decided to 
move from a full-time work force to a part- 
time one. 

The forecasting approach implemented was 


similar to the one Boyd and Mabert [1] de- 
scribe for Chemical Bank. It is a dummy vari- 
able regression model given by 
B, = ag + A,X, + a,x, + °° +4, X, (2) 
where 
V, = the forecasted check volume for day t 
a; = the estimated regression coefficient for 
variable i 
x; = the zero/one dummy variable relating 
to event i. 


The zero/one variables in the model reflect a 
variety of factors that are related to changes in 
volume. The variables fall into four groups: 
day of week effects, calendar date of the month, 
month of the year, and holidays. The estimated 
model provided an R-square of 0.95. The 
actual forecasting performance has resulted in 
errors of two to three percent since its imple- 
mentation in the spring of 1978. 

The daily forecast can now be combined 
with the arrival profile of work for the typical 
day from the messenger dispatches. This now 
provides an estimate of the daily loads on the 
central facility, which is needed for weekly 
work force shift scheduling. 
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Encoder work force scheduling 


As mentioned earlier, the encoder work force 
was once completely full-time non-unionized 
employees of the bank. The bank decided to 
move to a part-time staff for four reasons. 
First, the part-time employees provided greater 
flexibility in matching needed encoder capacity 
against varying daily work load levels. Second, 
improved productivity of the encoder work 
force was anticipated. The encoding function is 
a boring repetitive task, where longer hours of 
involvement often mean reduced output. Third, 
the very routine nature of this job created a 
worker atmosphere with low worker morale 
for full-time employees. And fourth, by 
employing part-time individuals the bank 
could reduce costs, since fringe benefits are 
substantially lower for this employee classifi- 
cation. 

The shift scheduler model incorporates many 
operating factors into the weekly shift schedul- 
ing decision, through the use of a linear pro- 
gramming formulation [3]. 


Min Z =) C)X;+D GY, (3) 
j t 


Subject to 


d Ay Xj + (% — K-1) 2 by (4) 
j 


Yy. Ai,X;< M, (5) 
j 


>» % 20. (6) 


Equation (3) represents the combined wage 
cost (C;X ;) and opportunity cost (C;¥,) to be 
minimized for the week. The variable X; indi- 
cates the jth type weekly work shift available. 
The shift is defined by the start and finish times 
of a worker for each day of the week. For 
example, X, could indicate a 1 p.m. to 5 p.m. 
shift each day of the week. On the other hand, 
X, could be defined for a 2 p.m. to 5 p.m. shift 
for Monday, Tuesday, and Wednesday. The 
number of assigned workers to each shift is 
multiplied by the appropriate shift wage (C;) to 
obtain the total wage cost for the week. 

The opportunity cost is represented by the 
number of uncoded items missing the clearance 
time, multiplied by the opportunity cost. Now, 
C, equals zero in all periods except the cut off 
period(s) during each day of the week. Equa- 
tion (4) indicates the period t inventory identity 
relationships of beginning inventory (Y,-,), 
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plus new arrivals (b,), minus processing ca- 
pacity (A,;X;) equals ending inventory (Y)). 
Equation (5) ensures that the number of 
workers scheduled in period t does not exceed 
the available encoding equipment (M,). Each 
encoding machine assignment is controlled by 
a zero—one coefficient (A/,). Figure 2 illustrates 
what the LP model looks like for a single day. 
It is easily expanded by adding the other four 
days of the week. 

Defining the shift configurations represents 
the critical element of this model. There are 
thousands of possible combinations that are 
feasible, with varying lengths, starting and stop 
times, and number of days scheduled to work. 
A review of daily load levels and discussions 
with the Personnel Department and _ line 
managers provided the guidelines for defining a 
useful set of shift schedules. Five factors pro- 
vided the basis for shift definitions. They are: 
First, shift lengths of four or five hours are 
preferred. Second, late afternoon shifts should 
start or end around 6.00 p.m. This minimizes 
the disruptions to family evening dinner cus- 
toms. Third, shifts should start and end at the 


’ same time, no matter what day it is during the 


work week. Fourth, since Monday, Tuesday, 
and Friday have heavier work loads, some 
part-time schedules should be specified over 
just those three days. And fifth, it would be 
appropriate to have some employees present 
each day of the week to provide continuity of 
operations. 

The defined weekly shift schedules were 
specified for the linear program model along 
with a typical weekly work load in one hour 
increments. Table 3 illustrates the five shifts, 
costs, and assignments that were determined 
from the linear program model for 1 week’s 
expected work load. Although fractional solu- 
tions resulted, these figures were rounded up to 
provide integer schedules. 

The arrival of work to the central facility 
does exhibit weekly variations. Generally, the 
first week of the month is the highest with each 
week decreasing to the end of the month. No 
attempt is made to directly control for these 
shifts. Rather, an indirect approach is utilized. 
For example, requested days off are given at 
the end of the month. This reduces the number 
of workers and costs during this period of the 
month. 

The use of part-time encoders and the vari- 
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TABLE 3. SHIFT SCHEDULE 





Weekday 





Shift Hours 


Monday Tuesday Wednesday Thursday 


Friday 





1 MTWRF 
2 MTWRF 
3 MTF 
4 MTF 
5 MTF 


1-6 

6-10 

4-9 7.7 

6-10 5.9 

11-3 1.8 

Total 64.1 

Weekly wage cost 
Opportunity cost? 
Total cost 


a13" 
21.4 


re fe 


$3558.33 
$ 254.63 
$3812.96 


21.3 
21.4 


27.3 
21.4 


27.3 


48.7 





1 The number of workers scheduled. 


? Expected lost investment income of transit dollars not cleared by deadline 


time. 


able scheduling has resulted in substantial 
benefits. First, encoding productivity has 
increased. In the past full-timers averaged 
around 800 items per hour. Now part-time 
encoders are averaging over 950 per hour. 
Second, annual wage costs have been reduced 
by $70,000 in the first year. And third, em- 
ployee morale has improved over historical 
levels. 


Priority sequencing 

As transactions are received at the branches, 
they are grouped into one of four categories, as 
specified by the financial control procedures. 
When the messenger stops to pick up work, 
each group is bundled and given to the mes- 
senger for transporting to the central facility. 
Bundle integrity is maintained through encod- 
ing, until sorting occurs. The four bundle 
groups are known as: 


Proof 1: Multiple Check Deposits—two 
or more checks deposited to one 
or more accounts. 

Proof 2: Junk Proof—bill payments, sav- 

ing deposits, mortgage payments, 

savings withdrawal etc. 

Proof 3: ON-US Proof—ONB 

cashed at the bank. 


checks 


Proof 4: One on One Proof—one check 


deposited against one account. 


The goal is to move more transit dollars 
through the system in a shorter period of time. 


Mabert [4] has shown that using priority rules 
does improve clearance of transit dollars, dur- 
ing times of limited capacity. The composition 
of transit dollars contained in each proof cate- 
gory varies. For example, Proof 3 contains few 
transit checks by the local nature of the cate- 
gory. Historical information indicates that 
Proof 4 bundles contain more transit dollars 
than other bundles, with Proof 1 second. Based 
on this analysis Proof 4 bundles receive first 
preference in processing. 

A second approach to improve transit dollar 
clearance involves identifying large value 
checks at the branch. When a transit check for 
$100,000 or more is received, it is placed in a 
‘candy striped’ envelope and then inserted into 
the proof bundle. When these bundles are 
received at the central facility, they have top 
priority to move through to clearance. 


DATA REQUIREMENTS AND 
IMPLEMENTATION 


Systematic planning and control requires 
good data if it is to be effective. Data require- 
ments necessary for forecasting, vehicle sche- 
duling, and work force planning were collected 
from historical records or developed through 
sampling procedures. Such data as daily 
volumes, wages, and equipment costs were 
already present. Information on the proportion 
of transit dollars in different proofs was deter- 
mined from sampling. In many cases, good ac- 
curate data did not exist and it had to be devel- 
oped for each project. 
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Vehicle scheduling 


The vehicle scheduling system (BMVSP) 
requires four sets of data including: 


1. program parameters; 
2. travel time matrix; 


3. branch bank check availability schedule 
for each branch bank; 


4. check processing schedule. 


The program parameters include the number 
of branch banks, the number of messenger ve- 
hicles, branch bank opening and closing times, 
service time at each branch bank and other 
similar parameters. These are fairly easy to 
obtain. 

A two-phase approach is used to generate 
the 1936 travel times between the 44 branch 
banks. In phase one, branch bank X-Y 
coordinates (from a Columbus city map) are 
provided to the BMVSP computer program. 
The program calculates the straight-line dis- 
tances from the coordinates and then estimates 
travel times using an average speed parameter 
(ONB used 22 mph). In phase two of the travel 
time estimation approach, the transportation 
manager evaluated and improved the travel 
time estimates. These values are supplied to the 
computer program and override the phase one 
_ estimates. Once this task is accomplished only 
minor revisions need to be made as traffic pat- 
terns change. 

The branch bank check availability sche- 
dules for all 44 branch banks are generated 
from several weeks of hourly transaction data. 
Each teller during the course of the day inserts 
a control document in the bundle, indicating 
the current time and branch. The documents 
are placed in the bundle each half hour and 
they separate the work accumulated during the 
30 minute period. When the bundle is pro- 
cessed at the central facility, the work is then 
tallied by half hour increments for each branch. 
This provides an estimate of the work build 
over the course of the day. 


Check processing schedules 

The weekly shift scheduling requires such 
information as encoder productivity and 
opportunity costs. Productivity studies were 
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obtained through a two step program. In step 
one, six good encoders were video taped on the 
job. These tapes were reviewed to identify the 
operator’s good and inefficient procedures. 
Based upon this information, the correct work 
elements were defined for the encoder operator. 
Step two was the application of Methods- 
Time-Measurement (MTM) to determine the 
time for each element and build a time stan- 
dard for the job. This standard is the basis for 
the wage incentive system utilized at the bank. 

A holdover study was conducted over a 2 
week period to determine the opportunity cost 
of uncleared work. Of course, one must keep 
in mind that this value fluctuates with prime 
interest rates. But over horizons of 3 and 4 
months in length, this prime rate is fairly 
stable. To illustrate how the holdover is deter- 
mined, a short example is given below. Assume 
a study has shown that $10 million transit 
dollars are held over on a typical day, based on 
30,000 items not clearing. With this prime rate 
at 10 1/4%, a return of $281.00/day/million 
invested can be obtained. Therefore, the aver- 
age opportunity cost for a check not clear- 
ing is $0.09 ($10 million x $281/day/million + 
30,000 = $0.09). 


CONCLUSIONS 


The procedures described in this paper illus- 
trate that the use of systematic approaches for 
the planning and control of check clearing op- 
erations can have substantial benefits. First, 
there has been a reduction in annual operating 
costs of over $100,000 at ONB. And second, 
the amount of holdover has been substantially 
reduced due to better scheduling. These two 
facts have increased the bank’s profitability. It 
cost $15,000 to obtain these benefits. 

Also, even though the procedures have been 
described sequentially, they are not applied in 
that manner. In fact, the vehicle dispatching 
and work force scheduling are interdependent. 
The arrival of work to the central facility 
depends upon the current processing over the 
day and the work force requirements are 
dependent upon the arrival of work. Therefore, 
an iterative approach is required to arrive at a 
‘satisfactory’ solution. No attempt is made to 
obtain an ‘optimal’ solution, since optimality 
assumes static environment. 

The banking industry is dynamic, with 
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changing services and structures, and ONB 
must respond to these changes. As of 1 Janu- 
ary, 1979 the banking laws in the state of Ohio 
allow for statewide banking. In such an en- 
vironment, current operations may probably 
change. For example, ONB may become a 
regional center for central Ohio and its activi- 
ties will have to be coordinated with other 
centers. In such a situation, new procedures 
and planning systems may need to be devel- 
oped to help coordinate activities and keep op- 
erations flowing in a smooth manner. There- 
fore, ONB must respond to these changes by 
modifying existing or designing new planning 
and control systems to keep operations effec- 
tive. 

The authors hope that this exposition pro- 
vides encouragement, guidance, and assistance 
to those individuals who have the task of im- 
proving operations in banks and other organiz- 
ations. The application of systematic planning 
and scheduling procedures is a continuous 
effort that requires creative thinking, hard 
work, good data, and patient implementation if 
it is to be effective. 
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A subgradient algorithm and a binary integer assignment algorithm are used in tandem to determine 
economic run quantities for an injection molding facility. The model considers machine regular time 
and overtime capability, machine-tool compatibility, storage area capacity, and the economics of lot 
size decisions. Use of the model in scheduling and alternative facility evaluation are discussed. 


I. INTRODUCTION 

MACHINE LOAD planning is the process of 
scheduling the production of parts on a set of 
machines over a planning horizon. This 
. involves consideration of part demand, avail- 
able tools, available machine resources, avail- 
able finished goods storage area capacity, the 
traditional economic lot size cost and time 
usage, and the time phasing of production on a 
machine. The output of this process is a specifi- 
cation of how many units of each part are run 
on an applicable tool and times when the tool 
is mounted on a specific machine, with this 
specification being consistent with all of the 
given considerations. 

A part is produced in the cavity of a tool by 
injecting molten plastic into the cavity. A tool 
may have several cavities of the same or differ- 
ent shapes. Typically a tool will either produce 
several parts of the same shape or a right side 
part and a left side part. A tool may also pro- 
duce several parts which differ in the color of 
the parts; changing from one color to another 
involves a minor setup change, the time and 
cost of which are related to purging the 
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machine and tool of the previous color and 
converting to the new color. 

There may be several tools which can pro- 
duce the same parts. Typically these duplicate 
tools have the same cavity configuration, but 
there are some exceptions. 

Tools must be mounted on a machine and 
this requires a major setup time and cost. A 
given tool cannot be mounted on every 
machine but only on some subset of the 
machines. The major determinate of whether a 
tool can be used on a machine is the tonnage 
range of the machine and the injection pressure 
requirements of the tool. Ancillary consider- 
ations are the material delivery system of the 
machine, the completed part removal system 
from the machine, and several miscellaneous 
process engineering or quality experience con- 
siderations. All of these factors contribute to 
what we call tool-machine compatibility, 
which specifies whether or not a tool can be 
used on a machine and, if it can, the setup time, 
setup cost, and the number of tool closings per 
hour possible. The time between when the tool 
closes (when its two halves are mated) to the 
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next time the tool closes on the machine yields 
the time to produce the parts represented by 
the cavity configuration of the tool. 

Over the planning horizon machines are 
available according to the machine attendant 
workforce schedule and the machine mainten- 
ance schedule and unavailable due to unfore- 
seen breakdowns. We assume that these factors 
can be coalesced into a single number repre- 
senting the machine hours available on regular 
time and an overtime cost-time function. 

The problem is to determine the most econ- 
omic decision of what parts to run on appro- 
priate and available tools, what tools to mount 
on compatible machines and when, and what 
quantities of parts to make during the mount 
of a tool on a compatible machine. The restric- 
tions are that part demand be met, that 
machine capacities not be exceeded, and that 
storage area capacity for finished parts not be 
exceeded. 

We admit at the outset that we do not have 
a solution for this problem in all of its genera- 
lity. The model we develop in Section II is re- 
strictive in the following manners: 


1. The assignment of parts to tools is the re- 
sponsibility of the user. Whenever several 
duplicate tools exist the user must specify 
what percentage of each part is run on each 
duplicate tool. In technical jargon, the user 
must solve a generalized Travelling Salesper- 
son problem. One consequence is that we 
must consider only compatible tool-machine 
allocations rather than both part to tool and 
tool to machine allocations. Another conse- 
quence is that part demand can be translated 
to the number of tool closings required of a 
tool in order to meet part demand. 


. Over the planning horizon either a tool is 
not used or must be mounted, perhaps 
several times, on one and only one machine. 
In other words, tool XYZ cannot be setup 
and used on machine ABC in week 1 and 
then also be setup and used on machine 
DEF in week 5. The consequence is that the 
tool-machine time requirements can be de- 
termined for each compatible tool-machine 
assignment. 


3. The planning horizon is logically divisible 
into a number of equivalent time periods; for 
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example, the planning horizon consists of 16 
weeks with each week having the same 
machine resource capability. In practice this 
amounts to saying that the effect of sche- 
duled days off can be ignored. 


. For each compatible tool-machine combina- 
tion the run quantity is limited so as to last 
exactly 1, 2, 4 or 8 time periods. In practice 
this amounts to saying that a tool is reset up 
on a machine every 5, 10, 20 or 40 working 
days. Based upon the work of Elmaghraby 
[1] and other work cited in his extensive 
references there is strong theoretical justifica- 
tion for this assumption. We use the term 
cycle to identify a possible time between 
setup of a tool. 


. The scheduling considerations for each 
machine can be ignored and addressed by the 
user based upon the output of the model. 
The model only ensures that the total setup 
time and run time of the tools assigned to a 
machine do not exceed its regular time ca- 
pacity plus any allocated overtime; timing 
considerations and initial inventory of parts 
are ignored in the model. 


. There is a one level Bill-of-Material. Once 
parts are molded they are ready for packag- 
ing and shipment. 


In Section II the model is developed and the 
solution strategy is explained. In Section III we 
cite the usage of the model within the specific 
environment of a plastic injection molding fa- 
cility and justify the assumptions listed above. 
In Section IV we indicate directions for future 
work. 


Il. THE MODEL 


A. Model formulation 


Let t index over tools, m over machines, and 
k over cycles. The decision variables are; 


kth cycle 
0 otherwise; 
Ym = the overtime hours used on machine m. 
Let T be the length of the planning horizon in 
hours and », the cycle length for the kth cycle 
in hours. Then T/y, is the number of setups in 


{ 1 if tool t is set up on machine m using the 
Xtmk = 
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the planning horizon for the kth cycle; this 
number is assumed to be integer for all k. 

The known demand over the planning hori- 
zon for tool t is d,, expressed as the number of 
tool closings or hits. The conversion from part 
demand in units to tool demand in hits takes 
into account the number of part cavities on the 
tool. It is assumed that demand occurs at a 
constant rate (the typical EOQ model assump- 
tion). The cycle quantity for tool t on cycle k is 
d,y,/T; this is the amount produced after one 
setup on the machine used. 

Machine hour usage by a tool on a machine 
for a cycle consists of setup time plus produc- 
tion time. Let h,,, be the hours required to set 
up tool t on machine m, w,,, the tool closings 
per hour for tool t on machine m, and rj, the 
hours required to satisfy the demand when 
running tool t on machine m using the kth 
cycle. Then, 

Vem = (T/¥x)ham + 4: /Wim- 
Let R,, be the number of regular time hours 
available on machine m. Considering overtime 
machine m has R,, + y, total hours available 
over the planning horizon. 

When a tool is run on a machine, inventory 
is accumulated for use until the next setup or 
until the end of the planning horizon. When 
parts are being produced they are also being 
shipped, so that the maximum inventory is less 
than the cycle quantity. The inventory build 
factor adjusts for this situation. The maximum 
’ inventory for tool t on machine m using the kth 
cycle, Im, iS the cycle quantity times the inven- 
tory build factor; 


Time = (dyyx/T) (1 — d,/ TWim)- 
The average inventory is I 4/2. 

Floorspace consists of a common area where 
the finished goods inventory of all parts is 
stored. Let f, be the floorspace required to store 
the output of one closing of tool t. Floorspace 
usage is based upon the maximum inventory. 
Let Sin, be the floorspace used for tool t on 
machine m using the kth cycle. Then, 


Soak @ eleig. 
Let S be the total floorspace available. 

Cost components consist of setup cost, hold- 
ing cost, floorspace usage cost, and overtime 
cost. Let a,, be the setup cost for tool t on 
machine m, p, the cost of holding the output of 
one closing of tool t over the planning horizon, 
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and q, the cost of floorspace for one closing of 
tool t. Given t, m and k the total cost over the 
planning horizon for setup, holding, the floor- 
space usage can be calculated. Let c,,,, be this 
total, then 
Come = (T/Yu)Orm + Pel ime /2 + GeSemi- 

Overtime cost for a machine is assumed to be a 
piecewise linear convex function in the amount 
of overtime used, denote this function by 
€m(Vm), Where y,, is the number of overtime 
hours used on machine m. 

The only variables are x,,,, and y,,. All other 
quantities represent data for the problem. If a 
tool cannot be run on a machine or if some 
cycles are prohibited for a tool-machine com- 
bination one need only choose either or both 
Of Cimk OF Trme to be very large numbers (or to 
arrange the processing so that these incom- 
patible options are not considered). 

The model at this point is a mixed integer 
programming problem, denoted as P, and sum- 
marized as; 


(P) min ¥ YY Come Xeme + Y em (Vm) 
tmik m 


subject to 


(1) 
(2) 


(3) Stmk Xtme < S 


Xen = 0 oF I 


CG) ya XO Vm 


This model can be modified to a pure integer 
programming problem whose solution should 
be close to the solution of problem P. The 
basic idea for this modification is due to 
Manne [4]; it exploits the character of the cost 
functions e,,(y,). Suppose that e,(y,) for 
machine m has U,, intervals and changes slope 
at overtime hours totals of uy, Um2,.--, Um-l 
and has a finite maximum at total overtime 
hours of up, Un,. Let Um; = Umy, and for 
j= 2,..., Um let 0_j = Umj — Umj-1> Umj Tep- 
resents the incremental number of overtime 
hours on machine m during the jth interval 
with the same slope for e,,(),,). These v,,; Over- 
time hours cost a total Of @y(Umj) — @m(Um,j—1)s 
where u,,o = 0. For machine m create U,, 
dummy tools which can be run on machine m 
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on some cycle, say k = 1. For the jth of these 
dummy tools, with dummy tool index t, 
Crmt = 0, 


Timt = Umj> 
Semi = 0. 


Finally, let the hours available on machine m 
be Rin = Rm+ u,v, OF the total possible 
hours available. 

For a dummy tool t¢ the interpretation of 
Ximt = 1 is that the increment of overtime 
which it represents is not being used. Thus the 
total hours available for use by real tools is 
Rin — Umj- The dummy tool can also be run on 
a dummy machine, say M. For a dummy tool t 
on the dummy machine M, 

Cim1 = Cm(Umj) = Cm(Um,j- 1) 


Timi = Umj 
Sim1 = 0. 


For a dummy tool, if x;,; = 0 then x,4; = 1 
so that the v,,; hours are available for use on 
machine m yet the total cost is increased by the 
cost of the overtime increment. 

Based upon these modifications the problem 
becomes problem PM; 


(PM) min PE > 3 Crmk Xtmk 


Sw. s 


subject to 


(1) 


Xtmk = 1 
Ton: Xie Ri 


¥ A >, Sut Xtmk s S 
k 


Kana =O or J Vt, m,k 


B. MODEL SOLUTION 
PROCEDURES 


Without constraint (3) on floorspace usage 
problem PM has been approached by Kling- 
man, Ross and Soland [3] using Lagrangian 
relaxation embedded within a branch and 
bound procedure. The relaxation uses multi- 
pliers «, for constraint set (1), resulting in the 
following problem denoted by PMy,3), x1) to 
denote that the problem is without constraint 
(3) and the relaxation is on constraint set (1); 


PM m3), R11) 


min 


EE Feat 


Ea(t-2 Eom) 


subject to 


(2) Ds 3 Timk Xtmk = Rin 
t ok 


(4) 


Xen = 0 or 4 
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This relaxation has the form of a knapsack 
problem. A branch and bound code based 
upon the work of Ross and Soland [5] was 
used to solve for tool-machine assignments 
and overtime hour determination at an injec- 
tion molding facility where the floorspace 
available was tight, so that the assumption 
W(3) was not really valid. In practice we found 
the user adjusting the floorspace costs, g,, by 
using q; = Bq, for all tools t and making 
repeated runs until the total floorspace used 
was close to the total floorspace available. In 
effect the user was trying to determine the 
value of a multiplier, B, to the following prob- 
lem which relaxes constraint set (1) and con- 
straint (3); 

PM x3), R11) 


min 


ries a(s vt 7 7 } Stmk Xtmk 
tom ik 
subject to 


(2) >: z. limk Xtmk = Rin vm 
ce 


(4) ke5 woe Ve, m, k 


The proprietary computer code for solving 
the problem without consideration of floor- 
space capacity was judged to be modifiable 
with extreme hazard in order to incorporate 
procedures for modifying the imputed floors- 
pace cost, B, internally. Also, mimicking the 
actions of the user by essentially adjusting the 
value of B and then running the code was 
judged to be extremely time consuming of 
computer resources. 

The solution procedure finally adopted for 
estimating the imputed floorspace cost, B, is 
based upon an alternative relaxation of prob- 
lem PM. In this approach, constraint (3) is 
relaxed using a multiplier 8 and constraint set 
(2) is relaxed using multipliers 65,,. The relaxed 
problem is; 


PM gy3), R12) 


min 


E Fem tan - (5 - 
~E( Ra FE 


t 


subject to 
(1) >y y Xtmk = 1 
m ik 


(4) Xtmk = 0 or 1 
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This relaxation is attractive since the choice for 
a given tool t of which x,,, is set to | is a 
straightforward selection of a minimum value 
in a subgradient optimization approach. 

To summarize, the solution procedure 
involves estimating the imputed floorspace 
cost, B, by subgradient optimization on prob- 
lem PM 3), n2)- The subgradient optimization 
is not embedded within a branch and bound 
procedure. Rather, the value of B is used to 
adjust the floorspace costs, q,, passed to a 
branch and bound procedure using the relaxed 
problem PMy 3), r1)- 

Although there is no theoretical justification 
for this approach, we have found that it works 
well in practice. An additional benefit that we 
have found is that the subgradient algorithm 
often encounters feasible solutions to the origi- 
nal problem, so that the minimal cost value of 
such feasible solutions may be fed to the 
branch and bound procedure for effective 
pruning of the decision tree. 


Ill. USE OF THE MODEL 


This model has been used in a plastic injec- 
tion molding plant for three years. This plant is 
characterized by costly and time consuming 
setup and bulky products which require large 
amounts of floorspace storage. The operation 
is basically mold then ship; that is, there is a 
one level Bill-of-Material. There are a large 
number of machines of different tonnage 
ranges and different manufacturers within a 
tonnage range. 

The plant data base contains monthly ship- 
ping requirements for three months into the 
future. The requirements are averaged and an 
8-week demand total is estimated; the weekly 
demand is taken as this total divided by 8. The 
plant data base also contains part values from 
which part holding costs are developed. 

A separate data file was constructed by pro- 
cess engineering and industrial engineering. 
This contains information on compatible tool- 
machine combinations, setup costs and times, 
tool-machine closing rates, floorspace cost and 
usage, and machine downtime factors. 

Using this data the plant runs the solution 
procedure for the model to determine a cycle 
plan for the 8-week period allowing 1, 2, 4 and 
8 week cycles. The cycle plan specifies which 
tools to run on what machines and the 


machine hour required. The plant management 
takes this cycle plan and manually develops a 
daily production scheduling plan using a com- 
puter report designed to guide this process. In 
practice we have found that a daily production 
scheduling plan can be developed easily from 
the cycle plan. 

In addition to the model being used for de- 
veloping a production scheduling plan it is 
used for short range strategic planning. In this 
mode ‘what if? questions dealing with how 
fluctuating demand will affect inventory, setup 
crew levels, and capacities on machines, con- 
tainers, and storage are addressed. See Gibbs 
[2] for this type of usage of the model. For 
example, the plant has used the model to deter- 
mine storage and molding machine capacity re- 
quirements necessary to meet a mid-year 
change in part shipping estimates. 

Benefits obtained by effective management 
and use of this model have reduced setup time, 
thus allowing more time available for produc- 
tion, an elimination of a serious backorder 
problem, and a doubling of inventory turns. 


IV. DIRECTIONS FOR FUTURE 
WORK 


This model is applicable to part forming op- 
erations other than plastic injection molding. 
Stamping and die casting operations are simi- 
lar to molding in that a tool closing produces a 
set of parts based upon the tool configuration. 
Stamping and die casting involve, however, a 
multi-level Bill-of-Material from the point of 
view of the manufacturing processes involved. 
A stamping plant involves blanking, forming, 
and welding operations. We are in the midst of 
enriching the model to accommodate multi- 
level Bill-of-Material finished product struc- 
tures. The enhanced model must handle com- 
mon part usage, which is prevalent in the auto- 
motive industry. 

The restriction that the user assign parts to 
tools so that the model need only deal with the 
tool to machine assignment has been workable, 
but barely. Our concern for this rests on the 
fact that the user may spend many hours allo- 
cating parts to tools and his allocation may 
imply excessive or expensive allocation of tools 
to machines. We intend to investigate several 
heuristic procedures for the part to tool alloca- 
tion problem. 
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Aithough the plastic injection molding plant 
has been able to convert a cycle plan to a daily 
production scheduling plan by a manual pro- 
cess, we are not so naive as to assume that this 
conversion will be easy in other environments. 
Thus we are investigating a heuristic procedure 
for performing scheduling considering machine 
schedulability as well as part inventory levels, 
setup crew availability, machine tender avail- 
ability, as well as a host of other practically 
important considerations. 
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This paper records a personal view of the wide range of problems, philosophical and pragmatic, 
currently afflicting ‘business forecasting’. It is based on several years experience in both forecasting 
methodology development and direct project work with decision makers. The paper is not intended 
as a review of the current consensus, academic or otherwise but to engage in ‘constructive criticism’. 
In doing so the author has attempted to keep to the desired structure of ‘decision makers perception’, 
‘methodology criticised’ and ‘development suggestions’ but the nature of the problem demands a 
more interactive approach which has resulted in fuzzy sets rather than distinct clusters of topics. 


“All nature is but art unknown to thee 

All chance direction which thou can’st not see 
All discord harmony not understood 

All partial evil universal good 

All spite of pride in erring reasons spite 

The only truth; whatever is is right”. 


WHAT ARE the critical issues in business fore- 


casting? Lack of high performance, low cost, 
techniques? Growing environmental complex- 
ity and instability? Failure of decision maker 
and specialist to properly define the problem? 
Historical lack of credibility of forecasting with 
senior people? Specialist training biased 
towards ‘convergent’ problem solving? Poor 
communications between all involved? Organi- 
sational structures which inhibit appropriate 
approaches to problem solving? Major gaps in 
understanding in areas of dominant impor- 
tance such as macro economic and social sys- 
tem behaviour? Last but not least, how can we 
deal with the usual problems of time, cost and 
resource which beset decision makers and 
specialists alike, and which may reduce ‘fore- 





‘This paper was first presented at the Third Inter- 
national Research Conference on Operational Research 
and Management Science, held at Windemere, 3-6th April, 
1979. 
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Alexander Pope 


casting’ performance far below potential levels 
attainable with modern techniques? 

I will try to deal here with three classes of 
problem: 


(i) organisational and attitudinal; 
(ii) the methodology of problem definition 
and technique selection; 
(iii) ideal and actual technique characteristics; 


choice of which issues in this area are truly 
critical depends of course, although it should 
not, on who is asked. Surely the decision 
maker, the (internal) Operational Research 
(OR) specialist, the external consultant, the 
academic theorist and the purveyor of com- 
mercial forecasting and planning packages 
would give differing answers. The first part of 
this paper is supposed to explore the problem 
area as it appears to the decision maker but I 
suggest that one also needs to appreciate and 
contrast the motivations, perceptions, and 
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expectations of the other players in the game. 
Neglect of these differences is one source of the 
comparative failure of current business fore- 
casting’. 

How does the area of business forecasting 
appear to the decision maker? What are his 
needs, beliefs and expectations? Even with 
years of senior manrger ‘man watching’ one 
can only rely on impressions and appearances. 
One seldom receives philosophical treatises 
from senior decision makers; they are expected 
to be too busy for such things. 

Above all else the decision maker prefers 
simple answers to simple questions. If an 
answer consists of one number so much the 
better. Conditional forecasts, involving him in 
the process of forecasting by choosing alterna- 
tive scenarios (for which he is often as well or 
better qualified than the specialist) are not 
popular [3]. Such exercises can be time- 
consuming and may involve making explicit 
senior management assumptions or confiden- 
tial information to ‘junior’ staff. Surely it is 
always possible to uncouple the parts of a 
problem and give the ‘bits’, which he decides 
are amenable to quantitative analysis, to a 
specialist? Surely someone as clever as an OR 
graduate can give him an answer on one sheet 
of paper before tomorrow’s investment meet- 
ing? Didn’t he approve the new computer and 
the software library so we could improve com- 
pany formal forecasting and planning perform- 
ance despite OR’s lack of success historically? 

This of course is a caricature, but it has a 
basis in fact beyond the biases of the harassed 
specialist. Many line managers are, by nature, 
(through the deliberate selection processes of 





? See in particular the excellent survey of ‘attitudes’ in 
[35]. 

3 Intuitor: This style embodies the basic characteristics of 
being imaginative, projecting, creative, innovative and 
conceptual in thinking. Intuitors place high value on ideas, 
theory, and long-range planning. They are often skilled at 
coming up with projections of what is likely to happen in 
the future. They often have an ability to see relationships 
between objects and events which others fail to see. In their 
thinking processes, they are basically future oriented indi- 
viduals. 

Thinker: Individuals favouring this style have the basic 
characteristics of being logical, prudent, objective, analyti- 
cal, rational and liking alternatives in their thinking. They 
tend to develop a variety of solutions to problems, weigh 
each carefully, and act on the basis of systematic analysis 
of data. Thinkers often become immersed in detail. In their 
thinking process, they are oriented toward past, present 


and future—preferring to consider all dimensions of an 
issue. 
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the organisation) or by impressed job role, 
‘sensers’ as defined in the Jungian typology of 
personality [8, 25, 38]. 

This style has the characteristics of being results- 
oriented, assertive, pragmatic and a desire to ‘do it now’. 
Sensers place high value on action, preferring to get 
things done without unnecessary deliberations. They are 
implementors more than idea people. Sensers tend to 
demonstrate a direct, down-to-earth, energetic approach 
to their work and lives. In their thinking processes, 
sensers tend to be oriented to the present. They respond 
readily to their immediate environment. Sensers tend to 


respond to packaged proposals for which they can see an 
immediate application. 


This is not to say that any individual de- 
cision maker is pure ‘senser’ but this persona- 
lity mode does tend to dominate. In the line (or 
even ‘planning’) management role as defined 
and deified historically in Western culture this 
personality mode is clearly appropriate. In a 
stable growth situation against a favourable 
socioeconomic backdrop the ‘action’ may typi- 
cally involve choosing one course from several 
attractive alternatives. Forecasting is perhaps a 
matter of extrapolating positive trends; there 
are few alarms and excursions. Simple de- 
cisions taken now are preferable to complex 
schemes feasible next week. These conditions 
do not encourage either decision maker nor, 
through Pavlovian conditioning, specialist to 
think in other ways. Indeed the specialist who 
may by nature be an ‘intuitor/thinker’? in the 
Jungian sense and who persists in this mode of 
thought will, with some justification, be con- 
demned. He also provides the stereotype for 
the decision makers (senser) view of specialists. 


On the intuitor: too theoretical, impractical, 
verbose, a non-doer, wants to model the uni- 
verse! 

On the thinker: indecisive, rigid, over-cautious, 
slow, can’t see the wood for the trees. 


However we have to ask what happens when 
economic growth falters, when decisions 
involve a much higher element of risk, when 
solutions may involve major shifts in business 
objectives and underlying technology, when 
major discontinuities and their consequences 
must be foreseen, ‘reactive’ solutions inherently 
providing too little, too late. In one sense the 
decision maker must now be more of a ‘senser’ 
than ever. He is inundated with problems and 
he must discover and deal with the critical 
ones. He may recognise the need for novel 
thinking, for new approaches. Are his special- 
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ists in a position to help? By selection and con- 
ditioning he may find little except a more 
numerate reflection of his own thinking armed 
with techniques too lacking in variety and flex- 
ibility to deal with the current problems. More 
fundamentally, the whole historical situation 
may have encouraged the development of a 
merely superficial understanding of the busi- 
ness system and its interactions with the en- 
vironment. In the worst case he may not even 
recognise the possibility of such problems. 
Alternatively, misunderstanding this whole his- 
torical complex, he may seek a retreat from 
‘scientific’ forecasting and planning. A number 
of calls for a return to ‘simplicity’ have been 
heard in the literature. For example Parker 
[27] in the Blackett memorial lecture of 1976: 


“I think I can see where we industrial managers went 
wrong. Very simply, we have been too inclined to be too 
scientific all along....Our failure, in my opinion, has 
been our tendency to rely too much on rational 
methods, quantitative methods if you will, in addressing 
the increasingly complex and urgent problems of man- 
agement. We have tended to ignore or deny the things 
we could not measure, and to cling, almost as an act of 
blind faith, to the rational, hard-headed, scientific 
approaches epitomized in the increasingly sophisticated 
techniques of the so-called ‘managerial sciences’. 

We managers believed, because we wanted to believe, 
that rigorous scientific analysis, based on objective data 
and all available information, must yield the ‘right’ 
answers and thus enable us to solve the problems. But 
more often than I care to think about, the event proved 
us wrong. The answers we got failed to solve the 
problem—not necessarily because they were wrong, but 
simply because they were often incomplete, or sometimes 
quite irrelevant. They missed some key element of the 
problem we were trying to solve. 

It is easy to delude oneself with the comforting 
thought that management problems are inherently 
rational, and therefore susceptible of rational solution. 
But this, as we now should know, is often simply not 
true”. 


One can sympathise with such a critical view 
but surely this interpretation of causation is 
suspect in the light of our earlier historical 
analysis? The ‘sophisticated scientific’ tech- 
niques of management science have failed. 


Therefore we should abandon a ‘scientific’ 
approach? Why have they failed? Because 
analyses “were often incomplete, they missed 
some key element of the problem”. By what 
standards then can the techniques be called 
‘sophisticated’? Did the techniques rather fail 
because the institution concerned would not 
allow the expense or inconvenience of acquir- 
ing all the necessary information as opposed to 
that ‘available’? Did the techniques fail because 
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the analyst was not allowed to follow his 
analysis into some other critical but politically 
taboo territory? Perhaps these factors explain 
why solutions were ‘incompiete’. The anti- 
science lobby are dangerously deluded. There 
is no way back to the ‘simple life’ for managers 
or specialists or society unless it is the hive-like 
simplicity of the oriental model (from which 
they too are apparently retreating). 

But our description of the world is incom- 
plete. There is a desperate need to extend our 
‘scientific’ descriptions to include an ‘objective’ 
view of ourselves and our interactions; we are 
part of the process, we must be part of the 
model [24]. Whether this is feasible, or (in view 
of the implications for ‘control’) ethically desir- 
able is another matter. However, it must be 
desirable for decision makers and specialists to 
understand their current relative position and 
its origins and consequences. The good news is 
solutions in this area of organisational atti- 
tudes and structures can be envisaged. The bad 
news is that one can see them taking a gener- 
ation to implement. 

I would like now to move towards the more 
solid area of forecasting techniques and their 
selection. Clearly it is easy to point to the 
many limitations of existing techniques; if we 
look at simple univariate methods we may 
increasingly find that their performance is in- 
adequate; if we look at the newer sophisticated 
methods such as Box Jenkins (BJ for short) 
transfer function modelling [5] or ‘Bayesian’ 
adaptive methods [17] we can expect perhaps 
markedly superior performance but cost and 
skill barriers are said to make them inaccess- 
ible. These perceptions are of course gross sim- 
plifications and I believe they reflect a common 
neglect of the vital technique selection process. 
I would criticise this feature of business (and 
other forms of) ‘forecasting’ above all else. 

Again its roots lie in the organisational 
problems already discussed. I suspect there is a 
need to go back to basics and remind our- 
selves, specialists and decision makers, of the 
simple things we may have forgotten. The con- 
cept of ‘cost-benefit’ is fundamental to select- 
ing techniques but is it comprehensively 
defined? Is it used at all? Perhaps it is more 
usual for a specialist to reach for a listing of 
packages in his commercial software library. 
Perhaps he reaches for a review article or a 
standard text and sees that such a technique 
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was once applied in ‘stock control’, never mind 
the details. Sure, he needs a quick answer for a 
senior manager; certainly this technique is 
widely accepted (ie. over 15 years old); of 
course looking at something new would be 
risky. But what are the tactical and strategic 
costs of this approach? 

I cannot recall a single paper where the 
selection process is systematically explored. At 
the risk of being superficial in such a short 
paper let me outline the bones of such a system 
in order to explore the problems and dangers 
which I believe exist. 

Firstly, why do we forecast? The sole aim of 
forecasting is to supply the decision maker 
with improved or additional information. Our 
first aim is to clearly establish his objectives 
and challenge them and the _ underlying 
assumptions [3]. This requires of course a dif- 
ferent order of relationship than that com- 
monly encountered*. This process also requires 
the specialist to have a relevant framework for 
such a debate. Forecasts and associated deci- 
sions will mainly relate to four kinds of ac- 
tivity. 


(i) control of existing processes and systems 
with established goals by manipulation of 
existing management decision variables. 


optimisation of existing processes as the 
environment evolves. 


systems modification e.g. adaptation of 
organisational structure, ethos, procedures 
usually in response to major environmen- 
tal shifts. 


systems design e.g. of new production ca- 
pacity, corporate development plan- 
ning.... 


The larger the scale and the more critical the 
decision the more robust and accurate must be 
the technique applied. The setting of perform- 
ance targets should be concerned with level of 
accuracy in relation to the value of the decision 
to be made and to the cost of providing a given 





* This rapport perhaps only exists between senior man- 
agement and the expensive, external ‘management’ consul- 
tant whose impertinence is culturally acceptable and 
indeed expected. 
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level of performance. These requirements can 
only be usefully considered against a further 
important factor-—the structural and behav- 
ioural nature of the systems involved in the 
problem. The four activities identified above 
may involve very different systems which 
demand very different treatment. If a system is 
stable and its behaviour simple (we have good 
reason to expect future stability, relative to the 
decision ‘effect’ horizon) a very simple extrapo- 
lative approach to forecasting is not only suffi- 
cient but may be optimal. If a system exhibits 
complex behaviour controlled by several vari- 
ables and evolving through time, this complex- 
ity must be matched in the approach taken. 
This is fine but how do we measure system 
complexity? Does a suitable framework exist? 
Review papers do from time to time provide 
lists of techniques in some ‘order’ of complexity 
but confounding ‘difficulty’ of application with 
the inherent complexity of the target system. 
The few attempts to be truly systematic cover 
only limited areas such as ‘technological’ fore- 
casting [21]. These lists and matrices have 
some pragmatic appeal if one is certain that an 
element in the ‘classification’ corresponds very 
closely to your current problem. 

However, as a senior Unilever manager 
observed in a Royal Society paper on Opera- 
tional Research and Decision Making [34], 


“We find there is no such thing as a routine application 
of a proven technique. Every problem presents features 
which are new....” 


Perhaps then a more fundamental classifi- 
cation of systems is of more than academic 
interest? If we look to the system’s theorists 
and philosophers we do find classification sys- 
tems such as those presented in Figs 1 and 2. 
Boulding’s system [4] is fundamental and wide 
ranging but still analytically simple. It is too 
far from our needs. Ackoff [1] on the other 
hand concentrates on behaviour but is still per- 
haps too abstract. 

I suggest we need a classification system 
based on descriptions of the following elements 


@ inputs @ ‘fractal’ properties 


@ structure @ stability properties 


@ mechanism @ nature of systems boun- 
daries. 
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1. A FRAMEWORK 
‘LOCKWORK, PENDULUM 
« THERMOSTAT 
CELL 


PLANT 


ALIX31dWOD ONISVAYONI 


ANIMAL 


HUMAN BEING 


SOCIAL ORGANISATIONS 





. TRANSCENDENTAL SYSTEMS 


is that of a static frameworks 
arrangement in a crystal or 


is a simple dynamic system with predetermined motion: 


pendulum, 


: speech, symbols, objectives 


3 


: 


static 

predetermined, dynamic 
self-regulating 
self-maintaining 
society of cells 


brain-organised 


“DESCRIBE” ADEQUATELY 


DECREASING ABILITY TO 


roles, communications, values, 
conflict 





beyond knowledge 


examples would be the atomic 
the structure of a bridge. 


clockwork, 


is that of the control mechanism, named after a ubiquitous example: 


the thermostat. 


Here the system can measure, record, compare with 
a standard and take action. 


is that of an “open” system which is self-maintaining by exchange 


with an environment: 
a river a crude one, 


a biological cell is a sophisticated example, 


comprises what Boulding calls the “genetic-societal level", typified 
by a plant which is a society of cells with differentiated and 


mutually-dependent parts. 


is the animal level characterised by “mobility, teleological 
behaviour and self-awareness”. 


is that of the individual human being. 


Beyond animal self-awareness, 


man “not only knows but knows that he knows", and has language 


and symbolism, 


A grouping of individuals constitutes a more complex level of 


system, that of 


the social organisation. 


Such a system constitutes a set of roles 


linked by communication channels and is concerned, at a more subtle 
level, with the transmission of values. 


Finally to complete the picture, 


Level 9 


constitutes transcendental systems concerned in Boulding's words 


with “the ultimates and absolutes and the inescapable unknowables", 


Fic. 1. A crude systems classification. 


A crude complexity scale for the basic ele- 
ments input, structure, mechanism is presented 
in Fig. 3. We can look at simple but important 
questions such as whether the system is open 
or closed, static or dynamic, linear or non- 
linear (and to what degree?). We must look 
very closely at systems boundaries as defined in 
the problem as given in comparison with 


TYPE OF SYSTEM 


BEHAVIOUR OF SYSTEM 


actual behavioural requirements. I believe that 
we face a major problem in the increasing 
interaction between systems widely separated 
in scale (e.g. as in the hierarchy of Fig. 4). Un- 
coupling and inappropriate setting of systems 
boundaries against this background will lead 
not only to sub-optimal solutions and deci- 
sions but to irrelevant and damaging ones. The 


OUTCOME OF BEHAVIOUR 





State-Maintaining 


(reactive) 
Goal-Seeking 


Multi-Goal-Seeking 
and Purposive 
Purposeful 


Variable but determined 

Variable and chosen 
(responsive) 

Variable and chosen 


Variable and chosen 





Fixed 
Fixed 


Variable but 
determined 

Variable and 
chosen 


Fic. 2. Ackoff’s systems classification. 
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problem is made worse because our ability to 
cope with high level socioeconomic systems, 
judging by reviews of macro economic fore- 
casting performance [7,15,39] is minimal. 
Stability is another neglected area as our 
‘sophisticated’ techniques are largely aimed at 
descriptions of ‘stable’ systems in all senses of 
the word. (Fortunately there are signs of im- 
provement which I will cover later.) Finally 
there is the question of what I have called the 
fractal properties i.e. at what level or scale of 
detail or disaggregation should we analyse sys- 
tem behaviour to obtain an adequate and 
hopefully the ‘best’ description? Do we fit a 
Gompertz curve to a long term ‘technology’ 
substitution process or do we study the micro 
economics and decision processes of individual 
companies in the industry? Do we build a 
static regression model of a consumer good 
market (see for example [14]) or a micro- 
mechanistic simulation of consumer switching 
behaviour allowing for distributed population 
properties? 

Having considered both objectives and the 
nature of the system we come back to earth 
with a bump when we have to face up to the 
manifold practical constraints. However, I feel 
that here too we need a re-think. The con- 
straints are well known to all of us and no 
doubt all of us have hidden behind them on 
occasion. 


@ cost 

@ time limits 

@ data quality 

@ skill limits 

@ implementation and credibility problems. 


It cannot be denied that ‘reaching for a 
package’ as things stand may, superficially, 
greatly reduce cost, time and skill problems. 
Cost should however be assessed relative to the 
value of the decision and the desired perform- 
ance limits [32]. This assessment is carefully 
made when the ‘decision’ involves for example 
setting up a new operational stock control sys- 
tem. This sort of decision is accepted as being 
in the competence area of the specialist. Is 
there a similar debate when the ‘decision’ lies 
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in senior management territory? (Remember 
the senser view of the intuitor/thinker stereo- 
type). Time limits are a genuine problem. How- 
ever, even if we have to reach for a standard 
package surely we should review very carefully, 
by the processes discussed earlier, the likely 
limitations and biases so introduced, and make 
them explicit in our report. On major decisions 
perhaps there should be many more occasions 
when we go back to the decision maker and 
ask for a re-definition of time scales. I also 
believe that if we were trained to analyse prob- 
lems at a more fundamental structural level 
‘thinking’ time might be reduced to the point 
where other perhaps more appropriate 
methods could be applied in time. Until we are 
so trained most problems will remain as ‘one- 
offs’ and every problem will present “features 
which are new”. 

Data quality and indeed basic information 
availability has been perhaps the most serious 
physical limit to analysis, forecasting and de- 
cision making. I include in this both ‘hard’ data 
and the ‘soft’ subjective data which could 
power the ‘Bayesian’ and ‘adaptive’ methods 
which have appeared recently [18,37]. How- 
ever, I feel that today the data problem is often 
overplayed or, if it is objectively assessed, the 
limitations accepted too philosophically. Step- 
ping out of the ‘one-off’ problem of the 
moment in most business forecasting situations 
and asking the strategic value of defined im- 
provements in the data and soft information 
bases must surely be one of the major contri- 
butions to improving effectiveness. It is also 
very difficult in practice, as I know from per- 
sonal experience. One has to sell the benefits of 
a perhaps considerable ongoing, investment of 
management resource which typically will not 
bare fruit for three to five years. In some areas 
the situation is improving at a significant rate. 
In the market research area good historical 
time series exist in considerable detail for many 
important variables. The advent of interactive 
computer commercial and technical data bases 
will further improve range and speed of re- 
trieval. The analyst following his own search 
scheme (or the one outlined earlier) will find 
that the equivalent ‘literature’ bases can like- 
wise increase by an order of magnitude his ac- 
cessibility to accumulated problem/technique 
experience. By proper use of key word combi- 
nations he can zero in on the relevant material 
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very, very quickly. These data and information 
bases could play a major role in increasing 
forecasting and decision making performance. 

When we consider ‘skill limitations’ we come 
back onto psychological thin ice. Credibility 
depends on the specialist being seen to be 
omnipotent (in his own little area of course). 
Quite reasonably most organisations like to 
feel they are modern and progressive in their 
specialist areas so there are dangers for special- 
ists and management alike in introducing new 
techniques. It is awkward for everybody par- 
ticularly if the new technique is very successful 
after (typically) several years of resistance to its 
implementation. There are genuine problems of 
course in the time dimension since a genuinely 
innovative technique may well require special- 
ist re-training and an extension of the ‘educa- 
tion’ of the decision maker. To quote my senior 
colleague again [34]: 


“No manager of ability is going to delegate his re- 
sponsibility to a mathematical formula which he does 
not fully comprehend. Our managers’ numeracy has pro- 
gressed considerably in the last few years, but they are 
not mathematicians.” 

These statements are certainly true and tacti- 
cally they set real limits to what can be 
achieved. However, they should also set targets 
for strategic development and changes in meth- 
odology; all too often I suspect this corollary is 
forgotten. It would be nonsense, as is some- 
times done, to make a massive investment in a 
‘sophisticated’ technology when there is no 
hope of the decision makers cooperating in its 
application nor accepting its results. It is 
equally nonsensical to stick to simple regres- 
sion or whatever when the system has left the 
region where the superficial behaviour justified 
such approaches. In today’s situation it is more 
than nonsensical; it is potentially suicidal. In 
the application of OR to business, above all 
other activities, the boundary of the possible 
should always be moving in a considered re- 
sponse to change. Implicit in the earlier quota- 
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tion is one more condemnation of the pattern 
of communication between specialists and de- 
cision makers. Mathematical models are 
simply short hand containers for a whole set of 
structural and mechanistic assumptions about 
behaviour; they have no magical independent 
existence. In most cases these assumptions and 
the strength of the evidence supporting them 
can actually be discussed explicitly and in Eng- 
lish! I sometimes feel that the ‘mathematics’ is 
used as a smoke screen by both parties when it 
suits them. The limits to knowledge on both 
sides are disguised and ‘face’ is preserved. 
Neither should the specialist disdain judgement 
and intuition; he should ask himself how his 
decision maker has survived and ponder this 


[34]. 

“In an organisation of this size it is essential to employ 
managers with entrepreneurial skills and decision taking 
abilities, but this is not in itself enough. Where we can 
compute the likely consequences of decisions we can use 
the computations to pick the actions we most prefer. 
When, as is more common, we can only compute the 
partial effects, we can nevertheless use the computations 
to assist our judgement. The human brain has a talent 
for judgement and systhesis against which our largest 
computers are mere babes in arms. On the other hand 
our computers can process and digest data and ascertain 
the logical consequences on a scale which is difficult to 
comprehend. The proper matching of these two is one of 
the great intellectual challenges of our time.” 

I would extend this by calling for a recogni- 
tion of how the skills of the ‘senser’ and the 
‘intuitor/thinker’ can complement each other 
and perhaps give us new and useful synergics. I 
would call also for a study of how the atti- 
tudinal and organisational barriers to effective 
behaviour can be removed. There is a challenge 
indeed. By making explicit the hidden costs of 
our present ways of working and thinking such 
a difficult project might just be saleable. 

I have used the ‘technique selection’ process 
to explore a somewhat wider range of issues. 
Let me ‘square the circle’ by summarising my 
beliefs about the process itself. The selection 
problem comes down to a balance of forces 
which we all more or less recognise and per- 
haps take into account. 


— Lower 
— ‘performance’ 
— techniques 


> 


cost 

time limits 

data quality 
skill limits 
implementation 
problems 


— attitude to risk — 





Omega, Vol. 8, No. 3 369 


‘Performance’ as used here includes both 
forecasting accuracy and robustness elements. 
Higher performance generally implies greater 
sophistication and novelty but not invariably. 
My personal view of the balancing process can 
be summarised as: 

The appropriate analysis and forecasting 
technique is that which yields minimum cost 
and operational complexity consistent with the 
minimum desired performance standards and 
the behavioural properties of the system under 
study. 

This principle or something very like it is no 
doubt widely adhered to in business analysis 
circles. However, the author’s view of it would 
place more emphasis on desired performance 
and the nature of the system in reaching a 
balance. My view is that with less opportuni- 
ties for easy growth, decaying margins etc. the 
value of good decisions is increasing at all 
levels in the business system. Better decisions 
will come from more understanding of a par- 
ticular business system and less emphasis on 
extrapolation and arbitrary models. This view 
implies more sophisticated methodology with 
all the problems that brings; but the problems 
can be tackled successfully. 

This brings us to the good news in business 
forecasting which is that for a wide class of 
short to medium term system analysis and 
forecasting problems better techniques have 
become available. The “Box Jenkins Approach 
_ to Time Series Analysis, Forecasting and Con- 
trol” represents in principle a major step for- 
ward [5]. The more recent work on ‘Bayesian’ 
forecasting methods also looks very interesting 
having in particular great psychological appeal 
because of its apparent simplicity and its ca- 
pacity for dealing with discontinuities in be- 
haviour [17,18]. The two techniques are per- 
haps at opposite ends of the spectrum in the 
use of data. The BJ approach capitalises on the 
structural information in historical time series. 
According to the ‘adaptive’ school this makes it 
good at representing past behaviour but not 
the future. This is a gross simplification. The 
user can choose to look only at say the last 
three years of a seasonal series and can use a 
‘rolling’ data base. He can also analyse the time 
series initially with a ‘rolling’ data frame so 
discovering any evolution in parameters or 
structure. It is also a myth that BJ univariate 
models are not adaptive. The differencing oper- 


ators which are a frequent feature of such 
models give (in our experience) adaptation to 
discontinuity comparable to the ‘adaptive’ 
methods. 

The ‘Bayesian’ method uses only the most 
recent data so, it is said, ‘focusing’ on the future 
rather than the past. This is psychologically 
appealing but the ‘time’ series school would say 
that throwing away genuine information on 
historical behaviour is wasteful in the case of 
stable systems. They might also point out that 
in practice the Bayesian methods are only ‘sim- 
ple’ if default options using particular basic 
model structures are applied [18]. They might 
also say that unlike BJ there is no formal iden- 
tification procedure so that the choice of model 
form if attempted is typically arbitrary. The 
function of the Bayesian adaptation routine is 
then to ‘make up for’ the inadequacies of the 
basic model structure. 

In spite of the alleged difficulties both these 
methods have a great deal to offer. Is it poss- 
ible now in a practical forecasting context to 
have the best of both worlds? Some years ago 
my group found that it was perfectly possible 
to make formal Bayesian adjustments to a 
given BJ univariate model structure. However, 
the benefits compared with simple more fre- 
quent re-estimation of the BJ model par- 
ameters seemed negligible. As we noted earlier 
using standard BJ procedures in a sensible way 
good adaptive performance is obtained in the 
univariate case. In addition many of the ‘dis- 
continuities’ apparent when we model a series 
via a univariate technique evaporate when we 
have a causative model of the system. ‘Discon- 
tinuities’ actually occur for reasons very often 
associated with underlying and stable causative 
mechanisms. Coming back to priorities if a sys- 
tem is of major importance it would surely be 
irresponsible to model it using any unvariate 
method however adaptive. So the ideal current 
solution in priority situations is a_ full 
BJ transfer function—noise model which has 
been identified on the appropriate time base 
and is frequently re-estimated. However, going 
back to our ‘balance of forces’ in technique 
selection we are faced with the usual cost, time 
and particularly skill limits. Building transfer 
function and univariate BJ models is a skilled 
business. Competence in these techniques may 
require a minimum investment of several man 
months per specialist. My own experience is 
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that this investment is very well worth while. 
However, given the organisational problems 
we examined earlier it is unlikely that this 
investment will be made in most organisations. 
Is there a way of getting around the skill/time 
barrier? The answer is no in the sense that any 
technique to be effective must be in experi- 
enced hands. The need though is to break 
down the initial barriers to acquisition. This 
problem became a target for my group four 
years ago. We believe we have solved it by 
automating the model identification stage in 
both the univariate and transfer function cases. 
This has involved us in pattern recognition 
work on the auto and cross-correlation func- 
tions and the use of model order selection cri- 
teria developed by Professor Akaike [19]. We 
have tested the univariate automatic system, 
SIFT, on a wide range of our own business 
time series in comparison with the normal ana- 
lyses of our ‘experienced’ analysts. To our sur- 
prised embarrassment we found that of 36 
series SIFT gave superior performance® in 19 
cases, equal performance in 11 cases and worse 
performance in 6 cases. The average ratio of 
residual variance for SIFT in comparison with 
the manual analyses was 0.92. These results 
could of course merely suggest that our ana- 
lysts were poor performers. We therefore gath- 
ered from the literature with some difficulty 16 
case studies where both data and BJ model 
structures were presented and re-analysed the 
data using SIFT. In 11 cases the models were 
of equal performance, SIFT was better 4 times 
and worse once. The average number of par- 
ameters in the SIFT models was 2.3 in com- 
parison with 2.2 for the literature analyses. I 
point out that the published analyses were by 
eminent analysts in this field. 

Because the SIFT package is cheap and 
simple to run the models can be re-estimated 
frequently and we find this procedure deals 
well with ‘minor’ disturbances in the series. If a 
major discontinuity occurs (and the model 
does not have a highly adaptive structure, 
although many do) this is monitored auto- 
matically. Steps can be distinguished from 
transients and if necessary the model is auto- 
matically ‘re-structured’. Short data series are 
accommodated by fitting simple models appro- 
priate to the information available until formal 





5 Assessed on one period ahead forecast errors. 


BJ model identification is justified. The prob- 
lems of initial data conditioning and trans- 
formation are also dealt with automatically. 
Data input and output are very simple al- 
though through a series of user options 
detailed statistical background information can 
be assessed [16]. 

We suggest that this package does provide a 
way around the problems discussed earlier at 
least for short term forecasting problems. Its 
basic appeal for me is that it provides a selec- 
tion process in itself. It does not use a fixed 
model structure. In every case the data is inter- 
rogated and the optimal structure found. 
Simply structured data results in a simple 
model. Data with complex structure will lead 
to a more structure-rich model. Being cheap to 
use it can be applied in short term forecasting 
applications even if it turns out that only a 
very simple univariate model such as ewma is 
appropriate. To this extent we can short circuit 
the formal technique selection process. 

The equivalent automatic transfer function— 
noise modelling package, TF SIFT, is currently 
under test. So far it seems to perform as well as 
the analysts in my research group. If it proves 
successful (and robust) such a package will 
offer more than medium term forecasting im- 
provements. The transfer function approach 
allows the analyst to investigate the actual 
forms of the relationships between variables in 
the system. He need not assume that X; affects 
Y; and that a particular dynamic relationship 
exists between them. He can find out from the 
data itself, objectively, without imposing arbi- 
trary assumptions. Here we have a tool for 
understanding business system behaviour rather 
than simply reproducing its grosser features. 
Accepting all the problems associated with 
introducing new techniques which I have 
explored earlier it is still a source of wonder 
that this and related technology which has suc- 
cessfully been applied in the engineering field 
for many years, has still not made a major im- 
pact on OR and its business support activities 
[30]. Arbitrarily structured ‘econometric’ 
regression models are still almost universally 
applied despite indifferent performance 
[7, 26,39] the availability of the newer tech- 
niques and the dire warnings of eminent theor- 
ists. 

Consider for example the views of Granger 
and Newbold after extensive simulation studies 
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of arbitrary econometric models [15]:° 


“The results ought to occasion a good deal of alarm 
among the fraternity of applied econometricians prone 
to report equations with high R? and dubious values for 
the Durbin—-Watson statistic. The message is very 
clear ... the chances of ‘discovering’ a spurious relation- 
ship using conventional test procedures are very high 
indeed, increasing with the number of independent vari- 
ables included in the regression. ... The optimal strategy, 
if at all possible, remains the selection of an appropriate 
time series specification for the errors from the general 
ARIMA class.” 

Until something better comes along I will 
put my money on derivatives of the BJ 
approach while keeping a very close eye on 
‘Bayesian’ method developments. 

Many problems do remain. Real systems 
exhibit a wide variety of complex behaviour. 
Non linear, dynamic relationships are actually 
commonplace and the analyst assuming with- 
out evidence that linear approximations are 
‘good enough’ does so at his peril. However, at 
a practical level a number of fairly effective 
procedures can be applied such as data trans- 
formation. 

If we believe business policy actually does 
effect our business systems then it follows that 
in many circumstances we are dealing with 
feedback systems. Depending again on our 
study objectives we can perhaps get around 
this by proper definition of systems boundaries. 
There will be occasions, the obvious one being 
where we are interested in designing a control 
system, when feedback behaviour must be dealt 
- with explicitly [20].- Have we the tools to do 
this? To a degree we have. The unidirectional 
transfer function approach can be extended to 
model multivariate feedback systems and pro- 
cedures certainly are available for detecting 
feedback behaviour [6, 15]. The BJ model for- 
mulation system is actually well suited to de- 
riving discrete control systems [5]. The snag is 
that dimensionality begins to become a prob- 
lem when more than a few variables are 
involved. At the other end of the spectrum we 
have systems dynamics where complex, non- 
linear, feedback models involving many vari- 
ables abound [13]. Once a system has been 
‘identified’ this approach enables one to 
explore behaviour in satisfying detail and for- 
mulate new control policies, etc. The problem 
is that as in ‘econometrics’ it is easy to assume 





® i.e. without noise model components and having causa- 
tive component mechanisms simply assumed. 


a complex mechanism but very difficult to con- 
firm its existence under the usual circum- 
stances. Somewhere between systems dynamics 
and the BJ approach there may lie a good ap- 
proximation to the tool we need for dealing 
with large, complex business systems. 

When we come to ‘long’ term forecasting in 
support of the strategic business decisions the 
situation is even less satisfactory [10]. There 
are few situations that can be dealt with in 
ways which would instil high confidence in the 
decision maker. Historically, greatest success 
has come in areas like technology substitution 
where the very simple methods of ‘technologi- 
cal forecasting’ have worked surprisingly well 
[13]. Large scale substitution has run ‘on 
tracks’ on many occasions over decades, so 
that Logistic, Gompertz and related univariate 
methods have worked well. Of course they did 
so against a backdrop of ‘stable’ economic 
expansion. How can we be sure they will work 
in future? The only way to gain confidence is to 
understand these substitution mechanisms in 
detail. My own group looking on a smaller 
(but more difficult) scale at substitution of con- 
sumer goods technology have found that by 
allowing explicitly for consumer income struc- 
ture and price changes good forecasts of behav- 
iour can be made. The problem of course now 
becomes how well price and income can be 
predicted by the economic experts. Here we 
come back to the system boundary problem. It 
is harder now to uncouple one’s system from 
the rest of the ‘world’. This problem of large 
scale interaction in one sense might be con- 
sidered good news. One at least might know 
where to look in future for the source of 
dominant decision factors. The bad news is 
that despite a decade of effort by the ‘World 
Modellers’ there is little indication of our 
ability to understand let alone ‘control’ this 
scale of system as it is presently formulated [9]. 
The answer may be that eventually it will refor- 
mulate itself along lines that favour more 
stable behaviour [23, 28]. At this point I will 
set my own system boundary and go no 
further. 

The last part of this paper is supposed to 
deal with ‘suggestions for further develop- 
ments’. It seems to me that the range and scale 
of problems which can be perceived in this area 
call for concentrated and integrated study at 
such a level that to ‘suggest developments’ at 
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this stage puts the cart before the horse. The 
first requirement is to put together an overall 
view of the business forecasting activity and its 
context. All this contributor has been able to 
do is construct a crude outline based on what 
may be atypical experiences and misconcep- 
tions. Although I would not care to set priori- 
ties for action with my present data certain re- 
quirements do stand out. 

Very probably we have seriously neglected 
the behavioural aspects of forecasting and de- 
cision making; the relationship between 
specialist and decision maker, the way in which 
organisational ‘culture’ limits performance, the 
inertial elements which rightly favour operatio- 
nal stability but impede needed evolution of 
methodology. Several years ago such a recogni- 
tion of behavioural realities produced a shift in 
the problem solving methodology of the Sys- 
tems Engineering Department of Lancaster 
University [8]. More recently the OR literature 
seems to have bloomed with very thoughtful 
papers on the ‘soft’ aspects of analysis and 
decision making [3, 10, 11, 25, 31, 35, 40]. A few 
papers even deal with the immensely difficult 
‘organisational’ problems [10, 25, 35,40]. This 
is all very encouraging. If such studies become 
respectable then their effects will slowly diffuse 
into industry. Perhaps we should seek ways to 
consciously accelerate this process and bring 
this work to the attention of the decision 
makers. 

When OR education is next debated for- 
mally it might also be profitable to look at the 
implications of the historically ‘hard’ method- 
ology base of CR for student recruitment. It 
has been quite sensibly suggested that the nar- 
row concentration on ‘hard’ techniques and 
procedures has attracted not only ‘thinkers’ in 
the Jungian sense but ‘convergent thinkers’ at 
that [11,25]. Perhaps the current state of 
society is sufficient reason for attracting many 
more ‘divergent’ or ‘intuitor/thinkers’ into OR 
and related disciplines. To do this would 
require a major and obvious shift in edu- 
cational policy. It would also be too simple a 
response on its own. What is needed first is a 
clear view of the differing roles OR must play 
in various decision making situations. 

We should select and develop people who 
have a clear view of these roles, the real pro- 
cesses of role implementation and their indivi- 
dual position in the ‘great game’ [3]. Going 


further it may be that the historians can help 
us. What constitutes a great leader? What does 
his ‘personality’ profile look like? The reason I 
say leader and not manager is that manage- 
ment is primarily about maintenance of exist- 
ing systems; leadership is almost invariably 
about change and change is at the base of our 
current problems [40]. I suspect that if we look 
at history’s leaders we would see individuals 
who intuitively recognised that different situ- 
ations require totally different ‘role’ responses 
and acted accordingly [31]. This ‘divine incon- 
sistency’ might be seen by lesser men as mad- 
ness as history has sometimes recorded. If so 
perhaps we need more sublime madmen. The 
people we now need boii as decision makers 
and specialists are those whose personal con- 
structs are above all else flexible and respon- 
sive to new stimuli [2]. We need people who 
are brave (or foolish) enough to move ahead of 
society’s perception of new needs. If we were 
wise we would use these people rather than 
resent them, remembering history’s lesson. 
When the innovator and his wild schemes have 
succeeded it is the rest of us, the preservers, the 
maintainers, the beaurocrats who inherit the 
earth. This too is an honourable and necessary 
role which should be valued. Both the inno- 
vator and the maintainer have survived as 
types for a very long time suggesting almost 
that societies, perhaps unconsciously, have 
weighed their value and preserved them (or 
perhaps in our three million years evolution 
has had time to play a direct role as Wilson has 
suggested [36]). Western civilisation has waxed 
on the dynamic tension between them [33]. 
Perhaps if we understood the process better we 
could eliminate its more wasteful features and 
preserve its age-old creative power? There is a 
challenge indeed. 

Coming onto the ‘harder’ techniques area I 
would like to see the development of a more 
fundamental understanding of the technique 
selection process; not for its intellectual inter- 
est (although it is a challenging problem in 
itself) but for the design of a practical set of 
selection procedures. It has been said quite 
fairly a number of times recently that we focus 
heavily on ‘problems’ and ‘solutions’ and not 
sufficiently on the all important transition pro- 
cesses of converting the present system into the 
new [8, 12]. This too requires study if we are to 
progress in practical terms. 
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For certain classes of problem I have de- 
scribed how my own research group has 
worked to reduce the skill and cost barriers to 
acquisition of higher performance techniques 
like Box Jenkins analysis. This same approach 
may be desirable in other forecasting appli- 
cations. Changing the balance of forces in tech- 
nique selection in the direction favouring tech- 
niques which enable system behaviour to be 
analysed and understood rather than super- 
ficially described will eventually produce major 
dividends. More fundamental understanding of 
behaviour may mean better performance and 
robustness and fewer ‘discontinuity’ based sur- 
prises. Better performance means more credi- 
bility with the decision makers and possibly 
the relaxation of some of the organisational 
and attitudinal constraints on the specialist 
with a consequent further improvement in per- 
formance. 

In summary, we need both changes in the 
‘soft’ behavioural areas and in improving prac- 
tical accessibility to the superior ‘hard’ tech- 
niques which already exist in basic form. I 
don’t believe we can ignore either of these re- 
quirements and we should consider carefully 
how they might be used interactively to im- 
prove forecasting and decision making per- 
formance now. Then we must carry the debate 
to the decision makers. 

Finally, is it reasonable to expect that we can 
make rapid progress by any means in this and 
. similar problems? History suggests not. The 
problems were well understood three centuries 
ago based on two millenia of recorded experi- 
ence [22]: 


“It should be borne in mind that there is nothing more 
difficult to arrange, more doubtful of success and more 
dangerous to carry through than initiating changes in a 
states constitution. The innovator makes enemies of all 
those who prospered under the old order and only luke- 
warm support is forthcoming from those who would 
prosper under the new. Their support is lukewarm partly 
from fear of their adversaries who have the existing laws 
on their side and partly because men are generally in- 
credulous, never really trusting to new ideas unless they 
have tested them by experience. In consequence, when- 
ever those who oppose the changes can do so, they 
attack vigorously and the defence made by the others is 
only lukewarm. So both the innovator and his friends 
are endangered together.” 


With these words Machiavelli establishes the 
backdrop to our debate today. Accepting the 
difficulty of ‘innovating’ if we choose to go 
ahead then he also provides advice on how to 


proceed which I have tried to follow in con- 
structing this paper. 


“I hold strongly to this; that it is better to be impetuous 
than circumspect; because fortune is a woman and if she 
is to be submissive it is necessary to beat and coerce her. 
Experience shows that she is more often subdued by men 
who do this than by those who act coldly.” 
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An important problem confronting decision makers in modern organizations is how to plan and 
control in a multiple goal decision setting. The usual approach for attacking this problem is to 
assume one dominant goal and treat others as constraints for the budget planning purpose. The 
traditional accounting control system is a variance analysis which makes a comparison between an 
ex ante planning budget, a budget adjusted to the actual activity level, and actual results. The 
present paper describes how to set up multiple goal planning models by using goal programming and 
multiple objective linear programming techniques. And an opportunity cost concept of ex post 
accounting variance analysis (which a comparison is made between an ex ante budget, ex post 
optimum budget, and actual results) is used as a control device. This ex post analysis will signal a 
deviation in any data input parameter in the planning models. 


MANAGEMENT ACCOUNTANTS and oper- 
ations researchers have primarily concentrated 
on decision problems in which only one objec- 
tive, e.g. profit maximization, is needed to 
evaluate alternative solutions. Some attention 
is now being paid to multiple goal problems’. 
The single goal of profit maximization, a fre- 
quent decision assumption in micro-economics 
has been seriously questioned by Cyert and 
March [4] and Hurwicz [7], among others. 
Bilkey [3] summarizes the evidence that the 
firm in practice does not have a single goal of 
profit maximization. 

The objective of this study is to integrate a 
performance evaluation accounting framework 
into planning models for multiple objective 





' For example, Ijiri [8], Killough and Souders [12], and 
Lin [15]. 

? An ex post optimum budget is the one the firm would 
have used to determine the ex ante budget had it forecast 
all parameters correctly. The ex post variance analysis is 
applicable to situations in which a firm utilizes a well- 
specified decision model as a planning tool. 


3 Johnsen [11] has reviewed comprehensively the differ- 
ent variations of multiple goal models. 
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firms. The performance evaluation framework 
will be based on Demski’s [5] ex post variance 
analysis. The essential difference tetween the 
Demski model and the traditiona’ standard- 
cost variance analysis model can te described 
as follows: In the traditional standard-cost 
variance analysis model a comparison is made 
between an ex ante budget, a budget adjusted 
to the actual activity level, and actual or 
observed results. In the Demski model, a com- 
parison is made between an ex ante budget, an 
ex post optimum budget, and observed results’. 

The distinction between the Demski model 
and the traditional standard-cost variance 
analysis model will be discussed in the first 
section. 

There are at least three approaches for deal- 
ing with multiple goal decision making: (a) util- 
ity function; (b) goal programming (GP), and 
(c) multiple objective linear programming 
(MOLP).*? Under utility models, the decision 
maker has to know the expected utility func- 
tion which incorporates the different goals. In 
many cases the decision maker can only specify 
his priorities and penalty weights for deviations 
from different goals; the GP approach is suit- 
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able for this type of model*. The third 
approach, MOLP, can be applied in the situ- 
ation where the decision maker can neither 
specify a single utility function nor any priority 
on different goals’. The multiple criteria de- 
cision making by using GP and MOLP will be 
discussed in the second and the third sections®. 


THE DEMSKI EX POST 
ACCOUNTING SYSTEM 


A system of variance analysis which is 
applicable to situations in which a firm utilizes 
a well-defined decision model as a planning 
tool has been developed by Demski [5]. 

His system is illustrated through the tra- 
ditional product mix problem in linear pro- 
gramming (LP) form in which the firm wishes 
to: 


Maximize CX 


AX <b (1) 
X20 
where C is an n-element row vector of the con- 
tribution margins of the n products, X is an 
n-element column vector of the output of the n 
products. AX <b represents the production, 
demand, legal, policy, and other constraints 
faced by the firm, A is an r x n matrix of the 
technological coefficients, b is _ r-element 
column vector of the constraints, and X > 0 
represents the non-negativity restrictions on 
the n products. He then perceives the firm as 
solving this model at the planning stage to 
obtain an optimum production plan. 

Using several illustrations, Demski compares 
the control information generated by tra- 


Subject to: 





* Goal programming is a special type of linear program- 
ming. Here the objectives are considered to be competitive 
and carrying various priorities. According to the ordinal 
rank of hierarchy established by managers, the objectives 
of lower order are considered only after those having high- 
est priority have been satisfied. This model minimizes the 
deviations for under or over fulfillment of goals. See Ijiri 
[8, pp. 38-50]; Lee [14, pp. 18-30]. 


° Multiple objective linear programming is a vector opti- 
mizing instead of scalar optimizing in ordinary linear pro- 
gramming. The vector optimizing solution is called efficient 
solution or compromise solution. 


° Approach (a) is not considered by following the com: 
mon assumption that the utility function is too complex 
and too unstable for its direct assessment to be realistic. 


’ Traditional financial accounting attempts to maintain 
a neutral stance for external reporting. However, tra- 
ditional management accounting tends to emphasize the 
normative aspect for decision making. 
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ditional variance analysis techniques with that 
produced by ex post analysis. In a situation of 
this type, he argues, variances can be more 
meaningfully defined in ex post analysis than 
they are in traditional variance analysis. 

Traditional management accounting 
assumes a goal of contribution profit maximi- 
zation’. A well-known control technique is the 
cost variance analysis which analyzes the dif- 
ferences among ex ante, observed and adjusted 
net income: 


NI* — NI° = (NI* — NI*) + (NI* — NI°) (2) 
= (C*X* — C*X°) + (C*K® — C°x?) 


= Mixed and Volume Variance + Price 
and Efficiency Variance 


where 


NI‘ is the ex ante planned net income 
NI? is the adjusted net income, which is the 
product of budgeted contribution mar- 
gin and actual volume 
NI° is the observed or actual net income 
C’ is the ex ante contribution margin 
C° is the observed contribution margin 
X° is the ex ante production quantities 
X° is the observed or actual production 
quantities 


Demski [5] has pointed out two short- 
comings for applying the traditional account- 
ing variance analysis to situations where a for- 
mal optimization planning model was used. 
First, it often leaves a number of data inputs to 
the decision model outside the analysis, i.e. it 
does not make a full utilization of information 
provided by the formal model. Secondly, the 
traditional analysis tends to make a ceteris par- 
ibus assumption when a mutatis mutandis 
assumption would be more appropriate. That 
is, the traditional analysis ignores the decision 
alterations implied by many of the deviations 
encountered. 

Demski proposes an ex post variance analy- 
sis in which the firm is viewed as periodically 
resolving its planning model on the basis of 
re-estimated data inputs at the end of each 
period. The ex post optimum budget is the one 
the firm would have used if it had had a perfect 
forecast of all data inputs at the beginning of 
the period. It is derived by solving the planning 
model using the re-estimated data inputs. 

Demski’s proposed ex post analysis can be 
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expressed as follows: 


NI* — NI° =(NI* — NI?) + (NI? — NI®) 
= (C°X* — C’X?) + C’X” — C°X°) 
= Forecasting Variance + Opportunity 
Cost Variance 
where 


NI? is the ex post planned net income 
C? is the ex post contribution margin 
X?’ is the ex post production quantities 


The difference between ex ante and ex post 
results is a measure of the firm’s forecasting 
ability’. It measures how much better perform- 
ance should have been if the firm correctly 
anticipated model parameters. The difference 
between ex post and observed or actual results 
is the difference between what the firm should 
have achieved during the period and what is 
actually did achieve. It is the opportunity cost 
to the firm of not maximizing the usage of its 
limiting fixed facilities. 

He argues that the ex post analysis is su- 
perior to the traditional accounting variance 
analysis in terms of its ability to signal devi- 
ations. This analysis will signal a deviation in 
any data input element in the model while the 
traditional analysis ignores some of these devi- 
ations. In addition, the ex post analysis is in an 
opportunity cost framework [5, p. 705]. 

Ronen [16] extends the Demski ex post vari- 
ance analysis to consider the economic concept 
of optimal capacity. He assumed the firm can 
predict both the long-run cost curve and the 
short-run cost curve so that the total variance 
can be divided into: (1) capacity ex post plan- 
ning variance, (2) capacity decision and imple- 
mentation variance, (3) actual reduction in 
profits, and (4) cost of not adjusting capacity. 
Itami [10] also extends the Demski ex post 
variance to consider intra-period adaptive be- 
havior where the total variance can be divided 
into: (1) the forecasting variance, (2) the delay 
variance, (3) the controllable parameter vari- 
ance, and (4) the adaptation variance. 





8 Amey [1] criticizes that Demski’s system of variances 
fails to bring about a clear-cut separation of forecasting 
variance and internal control variance. Ijiri and Itami [9] 
define forecasting variance as the difference between ex 
ante and ex post with feasible adjustments to knowledge 
learned during the period. Their definition is a refinement 
over Demski’s original definition. 
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EX POST ANALYSIS STRUCTURED 
ON GOAL PROGRAMMING 


The necessity for multiple goals in today’s 
environment has been emphasized increasingly 
in the contemporary planning literature. If the 
manager can specify the priorities for the differ- 
ent goals, a GP technique can be used to pro- 
vide the best solution under multiple goals. 

Goal programming is a special type of LP. 
With a GP model the manager can deal with 
multiple goals in optimization problems. Such 
a model has the capacity of handling decision 
problems which deal with multiple goals and 
multiple subgoals. 

Goal programming treats conflicting goals 
according to the importance weights assigned. 
In case of preemptive priorities, low-order goals 
are considered only after the higher-order goals 
are satisfied or have reached the point where 
further improvements are impossible. Conse- 
quently, GP minimizes the deviations between 
desired goals and actual results. 


Model I: A single goal with multiple subgoals 


In this model the objective of the firm is to 
maximize profit. But every department has its 
own subgoals. For example, the sales depart- 
ment wants to increase market share, produc- 
tion wants to minimize production costs, per- 
sonnel wants to minimize employee turnover 
and so on. The formulation of the model will 
be: 


CX -P*d' -Pd 
AX <b 
HX -—d* +d =g 
d*-d° =0 
X,d*,d~- >0 


Maximize 


Subject to: 


where g is a column vector of subgoals, H is a 
matrix of relationships between activities and 
the subgoal variables, d~ and d~ are column 
vectors that measure the positive and the nega- 
tive deviations from g, P* and P are penalty 
row vectors that measure how much such viol- 
ations from the subgoals g will be penalized. 
The planned net income difference between 
equation (1), i.e. Demski’s model, and equation 
(4) can be explained as the top management’s 
willingness to accept the departments’ sub- 
goals. It will be called ‘participation variance’. 
Consider Demski’ example: a firm has two 
products, X, and X,, and two production 
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departments, A and B. The products have con- 
tribution margins of $1 and $3 respectively, 
and the two departments have capacities of 400 
and 600 units respectively. Further, assume 
that product X, requires one unit of time in 
each department, while X, requires one unit in 
A and two in B. Ignoring fixed cost, the firm’s 
objective is to maximize X, + 3X, subject to 
the conditions that: 


X, +X, < 400 
X, + 2X, < 600 
and X,,X,>0. 
The ex ante solution is: 
NI? = $900. 


In example 3 he shows the following infor- 
mation: 


X* = (0,300), 


Ex Ante 
(1, 3) 


Ex Post 
(1.5, 3) 


Observed 


I 


( 
(x) 


CX = NI 1,080 


Now assume there is a sales department 
which sells all the goods produced by depart- 
ments A and B. The goal of the sales depart- 
ment is assumed to maximize the sales revenue. 
The ex ante selling proces for product X, and 
X, are $5 and $4, respectively. The ex post and 
the observed selling prices for product X, and 
X, are assumed to be $5.50 and $4, respect- 
ively. 

The sales department wants to maximize 


sales S = 5X, + 4X), subject to the condition 
that: 


X, + X,2< 400 
X, + 2X, < 600 
and X,,X,2>0 
The ex ante solution is: S* = $2,000, X* = 
(400,0). 


Assume the top management considers this 
amount as one subgoal. The problem of profit 
maximization with sales maximization subgoal 





° This assumes the trade-off between subgoals and profit 
maximization is known and constant. This formulation 
ignores preemptive priorities. 
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can be formulated as:? 


Maximize 
Subject to: 


X, + X, < 400 Department 
pacity 
X, + 2X, < 600 Department 
pacity 
5X, + 4X, — df + dy; = 2,000 Sales Maximization 
X,,X2,d{,d; >0 


A Ce 


B_ Ca- 


where d; is deviational variable with 1-point 
penalty weight for under-achievement of sales 
subgoal. 


The ex ante optimal solution is: 


X* = (200,200) 
dt = 200 

Z* = 600 
NI* = $800 

S* = $1,800 


Ex Anie Profit 
Ex Ante Sales 


The ex post sales maximization is to solve 
the following problem: 


5 = 5.5X, + 4X; 
4X, + 3X, < 400 


Maximize 


Subject to: 


The solution is: S$? = $3,300, X? = (600,0). 
Again, the ex post profit maximization with 
sales maximization subgoal problem is: 


Maximize Z=1.5X,+3X,—- 1d; 

4X, +3X, < 400 
X,+3X, < 600 

5.5X, +4X,—d; +d; = 3,300 


Kao Reds ay 0 


Subject to: 


The solution is: 


X? = (600,0) 
dp- =0 
z? = 900 


NI? = $900 
S? = $3,300 


Ex Post Profit 
Ex Post Sales 


Ignoring fixed cost, net income and sales 
under Model I can be summarized as follows: 


NI* = $800, S* = $1,800 
NI? = $900, S? = $3,300 
NI° = $990, S° = $1,740 


Ex Ante 
Ex Post 
Observed 
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Variance Analysis: 
NI? — NI° =(NI*°_ — NI’) +(NI? 
= ($800 — $900) + ($900 — $990) 
—$100 - $90 
Forecasting Variance + Opportunity 
oe Cost Variance 


NI* — NI* = ($900 — $800) = $100 Participation 
Variance 


— NI°) 


where NI* is the ex ante net income under 
Demski’s model. 
Sales Subgoal Variance Analysis: 
S* — §° = (S* — S?) + (S? — S°) 
= ($1,800 — $3,300) + ($3,300 — $1,740) 
~$1,500 + $1,560 
= Forecasting Variance + Opportunity 
Cost Variance 
S* — S* = ($2,000 — $1,800) = $200 Participation 
Variance 
where S* is the ex ante sale under sales maxi- 
mization model. 

Participation Variance is a behavioral vari- 
able which measures the management’s willing- 
ness to sacrifice or cooperate with others. Thus, 
through participation, the top management 
gives up $100 net income while the sales 
department sacrifices $200 sales'®. 


Model II: Multiple goals 


Under the multiple goal setting, the firm 
may want to achieve a set of acceptable goals. 
For example, the firm wants to obtain a set of 
goals such as profit, sales, production cost etc., 
within a predetermined range. 

Sweeney and Williams [18] propose a 
method for solving linear programs with vari- 
able resources. Under this method, if the set of 
acceptable goals can be characterized by a sys- 
tem of linear inequalities, then one may formu- 
late the following GP model: 


—-P*d* —-P'd 
AX 
HX —d* +d- 
a -¢ = 
X,@°.€ 3 
geG = (g|Dg + Et =f} 


Maximize 


Subject to: 


b 
g 
0 
0 





'© The magnitude of participation variance is inversely 
related to the priority and the deviation weight. A lower 
priority or smaller penalty weight on a particular deviation 
variable will result in a larger participation variance. For 
example, the sales variable has a lower priority in Model II 
than in Model I; therefore, there is a larger participation 
variance in Model II. 


OME 8/3—1 
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where G is the set of acceptable goals, t is a 
vector of added decision and/or slack variables, 
D and E are matrices, f is a vector, elements in 
D, E, f are assumed to be constants. 

The performance evaluation approach is 
conditioned either by the pre-specified or the 
jointly determined goal set. If the goal is set as 
standard, the actual performance can be com- 
pared with the standard. 

One extreme case of Model II is to treat the 
right hand side g as a vector of parameters, say 
profit, sales, and capacity utilization goals. 
Assume the top management wants to achieve 
profit and sales maximization. and full capacity 
utilization goals; and also assume that he or 
she can specify the priority and weight of each 
goal. A GP model can be derived by using the 
same data as in Model I: 


A. Ex ante problem: 


Maximize Z= —pid; — prdy — p3dy — p3dy 


Subject to: 
X,+3N,-—dyf +d, 
5X, + 4X, — dy + dy = 2.000 Sales Maximization 
Ny + X; +d, 


900 Profit Maximization 


400 Capacity A 
600 Capacity B 
X,.X2.d; «dy dz .dz.ds.dy > 0 


Xi oh +& = 


The top management assigns the first pri- 
ority to profit maximization goal, the second 
priority to sales maximization goal, and the 
third priority to full capacity utilization goal. 

The solution is: 

X* = (0,300) 
VI“ = $900 
S* = $1,200 


B. Ex post problem: 


Maximize Z=p,d; — prdy — p3d3 — padg 


Subject to 
3X, + 3N, — df + dy = 1,080 Profit Maximization 


WN, + 4N, — dd + dy = 3,300 Sales Maximization 
400 Capacity A 

600 Capacity B 

Xi Nu dlc a aks 20 


{V, + $X, + dy = 


N, +3X,+dj = 


The solution is: 


X? = (240,240) 
NI? = $1,080 
S? = $2,280 
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The variance analysis for net income and . 


sales are: 


NI* — NI° =(NI* — NI?) + (NI? — 
($900 — $1,080) 
—$180 


NI°) 
+ ($1,080 — $990) 
+ $90 
Forecasting Variance + Opportunity 
Cost Variance 
Ni? — NI* = ($900 — $900) = $0 Participation Variance 
S* — S° = (S* — S?) + (S? — S°) 
= ($1,200 — $2,280) + ($2,280 — $1,740) 
= —$1,080 + $540 
= Forecasting Variance + Opportunity 
Cost Variance 


S* — S* = ($2,000 — $1,200) = $800 Participation 
Variance 


EX POST ANALYSIS AND 
MULTIPLE OBJECTIVE 
LINEAR PROGRAMMING 


The GP technique requires that the manager 
define the desired goal level and assign penalty 
weights for deviation from different desired 
goals. If the manager cannot specify the desired 
goals and/or the penalty weights, another 
approach called ‘multiple objective linear pro- 
gramming’ may be used. 

Kornbluth [13] applies Goeffrion’s [6] con- 
cept of properly efficient solution to the central- 
ized two level multiple objective planning 
framework. He uses the dual variables on the 
company resources as the transfer price which 
the company charges each division on using 
the company resources. One limitation of his 
approach however is that he assigns a priori 
weights to each of the objectives instead of 
generating them by a weighting method or 
algorithm. 

The MOLP can be formulated as: 

Model III: 


Maximize f(X) = C,X 
AX <b 


X20 


Subject to: 


where C, is a vector coefficient for the q'" 
objective. 

So it is a vector maximization problem, not 
a single objective maximization problem. 





1! There are many suitable algorithms; for example, see 
Belensen and Kapur [2], Steuer [17], and Zionts and Wal- 
lenius [19]. 
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According to Geoffrion [6], a solution X° is 
efficient if X° is in feasible region and there 
exists no other feasible solution X such that 


F(X) > F(X) 
and f(X) # f(X°) 

The concept of efficiency is equivalent to the 
concepts of ‘Pareto optimality,’ or ‘nondomin- 
ated solution’. 

Since Model III is a vector maximization, 
not the ordinary scalar maximization problem, 
Geoffrion [6] develops a theorem which relates 
the Model III to the following scalar maximi- 
zation problem: 

Maximize Xq4e Cg X 

AX <b 
r,A, = 1 
A,>9 


X20,¢=1,...9r 


Subject to: 


where A, is some 
0<A, <1. 

Geoffrion proves that if X is a convex set 
and f, is concave on'X, then X° is properly 
efficient in Model III if and only if X° is opti- 
mal in (7) for some A, with strictly positive 
components. 

Problem (7) is a parametric programming 
problem. Kornbluth [13] does not solve prob- 
lem (7). Instead, the A, is 1/3 for each of the 
three-goal model in his example. So a possible 
extension is to solve problem (7) explicitly’’. 

This paper used Belenson and Kapur’s [2] 
approach, which applies a LP for the solution 
of two person-zero sum games with mixed stra- 
tegies to solve the weighting vector A,. That is, 
they determine the desired set of weights A, by 
solving a two person-zero sum game. 

Using the same example as in ModelI and 
II, a MOLP can be formulated as: 

A. Ex ante problem: 


constant such that 


Maximize X, + 3X, 

5X, + 4X, 

X,+ X,< 400 

X, + 2X, < 600 
X,, X, 20 


Solution of this problem is: 


profit 


Maximize sales 


Subject to: 


dq = (0.62, 0.38) 
X* = (200, 200) 
NI* = $800 

S* = $1,800 
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B. Ex post problem: 


1.5X, + 3X, 
5.5X, + 4X, sales 
4X, +X, < 400 
X, + 2X, < 600 
ae 


Maximize profit 
Maximize 


Subject to: 


The solution is: 
A, = (0.98, 0.02) 
X? = (240, 240) 
NI? = $1,080 
S? = $2,280 
Variance analysis for net income and sales 
are: 
NI* — NI° = (NI? — NI”) + (NI? — NI®) 
($800 — $1,080) + ($1,080 — $900) 
— $280 + $90 
= Forecasting Variance + Opportunity 
Cost Variance 
= ($900 — $800) = $100 Participation 
Variance 
= (S* — S?) + (S? — S°) 
= ($1,800 — $2,280) + ($2,280 — $1,740) 
= —$480 + $540 
= Forecasting Variance + Opportunity 


Cost Variance 


S* — §* = ($2,000 — $1,800) = $200 Participation 
Variance 


CONCLUSIONS 


This paper has discussed the importance of 
recognizing multiple objectives for firms’ de- 
cision making. An ex post accounting variance 
analysis algorithm has been elaborated and 
incorporated into both satisficing GP and opti- 
mizing MOLP models. The major advantages 
of the ex post analysis are: (1) it will signal a 
deviation in any data input parameter in the 
models; its significance can be assessed in 
terms of sensitivity analysis, (2) standards of 
performance are linked to the planning model 
parameter forecasts; it will increase the prob- 
ability that the model’s planned output sol- 
ution may be implemented accordingly, and (3) 
actual performance is compared with what 
should have been in order to facilitate learning 
and motivation. 

According to Demski [5], the applicability 
of the ex post variance analysis is based on four 
major assumptions; (1) the firm employs some 
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specific well-defined formulation of its planning 
process, (2) management possesses the ability 
to distinguish between avoidable and unavoid- 
able variances or deviations, (3) feedback con- 
trol information is useful, and (4) the search for 
possible opportunities can be limited to the 
existing planning model. So the major limita- 
tion of the ex post variance analysis is the re- 
ality of these four assumptions. There are also 
some limitations of GP: it requires that the 
decision makers define the desired target for 
each goal and ordinarily rank all of the goals 
and assign weight for each deviational variable. 
The dual values in GP are multidimensional 
duals. They are less well-defined and less useful 
in comparison with LP dual prices. The 
readers have to be aware of these deficiencies. 
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An Easy Lower Bound on the Number of Trucks 
Needed to Service a Set of Destinations 


A TRUCKING company which operates a fleet of local 
delivery trucks must determine how many trucks to 
schedule each day in order to cover a set of desti- 
nations. The problem arises because of time or distance 
restrictions which may allow each truck to visit only a 
small subset of the possible destinations. An example of 
such a situation is the scheduling problem encountered 
by supermarket chains which supply those stores within 
a given area from some central warehouse. Enough 
trucks must be scheduled on a given day to supply the 
required number of stores without exceeding the time 
available for each truck to complete its route. In this 
paper we present a ‘quick and dirty’ way for obtaining 
a good lower bound on the number of trucks needed 
under time restrictions. 


PROBLEM STATEMENT . 


Let i = 0 denote the depot from which all trucks are 
routed and {i|i = 1,2,..., n\ be the set of destinations 
to be visited. ¢;; is travel time from i to j and T, is 
service time at destination j,j = 1, 2,..., n. If m is the 
number of trips and t is the available time for each trip 
then the problem is to minimize m 


(1) 


m 


0,1, m > | and integer, 


where x;; = | if the arc from i to j is included in the 
routing and x;; = 0 otherwise. We note that this is the 
m-tour travelling salesman problem without the sub- 
tour elimination constraints. Of course, a solution of 
this problem may not form a feasible m-tour solution. 
However, we are only concerned with obtaining a lower 
bound on m, not finding an m-tour solution. 

Since t is fixed and each destination must be visited, 
we may rewrite this problem as 


Minimize 





'[ ] denotes rounding up to the next integer. 


0,1, m => | and integer. 


If travel times satisfy the triangle inequality (a reason- 
able assumption for trucks) then tig + to; > t;; and it 
can be shown that the optimal solution of (II) will have 
m = 1. In that case, then, we can solve (II) very easily as 
an assignment problem. However, one truck may not 
be sufficient to satisfy the time constraints. 

Referring back to constraint (1), we can determine 
what minimum number of trucks will be required from 


fn 

m> ( Sy 
he 

0 


i 


where the x are those in the assignment problem solu- 
tion. If m < 1, then we are done and the lower bound 
on number of trucks has been found. However, if m > | 
then we have not included a large enough value of m in 
(Il). 

Suppose we now let 


(5 5 
i={ 


» j=0 


and insert this as a constant in (II). The problem can 
still be transformed into an assignment problem using 
the approach described by Christofides and Eilon of 
adding dummy destinations to the problem [1]. This 
will provide a new solution with different |x¥} and 
non-decreased total time. The process of determining a 
new m may be repeated until m does not change. At 
that point the lower bound has been found. 


COMPUTATIONAL ASPECTS 


This algorithm requires solving assignment problems 
repeatedly. However, each new assignment problem is 
simply an old assignment problem with one row and 
column from the old problem repeated one or more 
times in the new problem. Thus, rather than starting 
over from scratch, considerable effort can be saved by 
using the previous solution as a starting point for the 
new solution. This can be accomplished very easily in 
the Hungarian Method of Kuhn [4]. Since the method 
is primal—dual, new rows and columns can be added 
while dual feasibility is maintained. Consequently, a 
new solution can be found in just a few iterations. The 
computational attractiveness of Kuhn’s method is 
further highlighted by the recent results reported by 
McGinnis [5]. 
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TABLE I. COMPUTATIONAL RESULTS 
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(1) Number of destinations. 
(2) Source. 


(3) Lower bound on the number of trucks needed based on time or distance constraints. 


(4) Number of assignment problems solved. 


(5) Number of trucks needed in best known solution. 
(6) Lower bound on the number of trucks needed based on load constraints. 


(7) IBM 370/168 CPU time in seconds. 


COMPUTATIONAL RESULTS 


At the present time, no efficient optimum-seeking 
algorithm exists for time-constrained vehicle routing 


problems. Computational results obtained by White 
[7] and by Gavish and Shlifer [3] indicate that present 
approaches are limited to twenty destinations. On the 
other hand, Gaskell [2] has developed heuristic solu- 
tions for distance-constrained problems up to 36 desti- 
nations while Christofides and Eilon [1] have com- 
pared heuristic solutions for load-constrained problems 
up to 100 destinations. Consequently, the compu- 
tational testing of this algorithm proceeded in three 
phases. 

For problems of fifteen or fewer destinations, the 
lower bound on the number of trucks needed was 
generated using the approach described above, then 
compared with the number of trucks in the optimal 
solution obtained using the algorithm of White [7]. 
These results are shown in Table 1 for problems 1-6. 

Computational times reported are for an IBM 
370/168. The program was written in PL/I and run 
under the CMS time sharing system. All CPU times are 
for the same time of day under normally heavy load 
conditions and exclude I/O time. 

Gaskell’s problems involve distance restrictions, but 
these can be treated the same as time restrictions in the 
lower bound algorithm. Consequently, these were 
approached directly and the lower bound on the 
number of trucks was compared with the number of 
trucks in the best solution obtained by Christofides and 
Eilon [1]. 

Since the problems developed by Christofides and 
Eilon involve no time or distance constraints, a differ- 
ent approach was developed. For these, the total route 
distance given in [1] was divided by the number of 
vehicles in the best solution. This average distance, 


then, was used as a distance constraint for each trip. 
The lower bound on the number of trucks needed was 
then found using the algorithm described above. Since 
load constraints were present in these problems, a 
lower bound based on these constraints was also com- 
puted (this is a simple matter of dividing total demand 
by truck capacity). These two lower bounds were com- 
pared to the number of vehicles in the best solution of 
[1]. The results are presented in Table I as problems 
12-14. 

As can be seen, the load restrictions dominate the dis- 
tance constraint for problems 12-14. In general, how- 
ever, the computational results indicate that the algor- 
ithm described above can indeed find a good lower 
bound on the number of trucks needed under time or 
distance constraints in a reasonable amount of CPU 
time. 
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Appraisal of Industrial Projects in a 
Developing Country—a Quantitative Approach 


INTRODUCTION 


THE FORMULATION Of sound industrial projects is of 
great importance in the industrial development of a 


country. Careful and systematic appraisal of proposed . 


projects, based on thorough investigation of their econ- 
omic and technical feasibility, is indispensable in select- 
ing viable projects for implementation and in commit- 
ting financial and technical resources. Industria! project 
appraisal is particularly important in developing coun- 
tries because limited resources need to have maximum 
effect in accelerating industrial development. 

Most of the current work on industrial project ap- 
praisal is based on one form or another of benefit-cost 
analysis. One of the major difficulties with the existing 
models is the non-availability of a consistent quantitat- 
ive measure for the subjective factors related to overall 
national objectives, which could be combined with the 
objective factors to yield an overall measure of utility of 
a given industrial development project. The method 
proposed here gives a comprehensive model for indus- 
trial project evaluation in developing countries without 


neglecting some of the elements which are ignored in “ 


the conventional approach but are in fact essential in 
an appraisal of investment projects. 

The model to be presented is an extension of an 
earlier model developed by Sharif and Adulbhan [3]. In 
order to make the weighting scheme more systematic 
and consistent, the procedure followed is firstly to 
weight the objective factors among themselves and 
secondly, to weight the objective factors as a group in 
relation to the subjective factors grouping. 

Appraisal of industrial projects is needed also to 
serve as a basis for the allocation of tax incentives by 
the Government to promote desirable projects. The 
provision of tax incentives to desirable industrial 
undertakings is especially important when a country 
has to attract foreign investment capital to complement 
ihe scarce local capital resources. In addition to the 
basic project appraisal model, an incentive allocation 
model is also developed to serve as a tool for the allo- 
cation of tax incentives in a systematic and consistent 
manner. 


MODEL DEVELOPMENT 


The general model is based on the combination of 
the three types of factors mentioned. For each alterna- 
tive i, a Project Measure (PM) is defined as: 


PM, = (CFM) [) ¥ (WOFM,) 


j=1 


+(1-—D)> (SFMy)| (1) 
k=1 


where 


CFM, = the critical factor measure for project i 
(CFM; = 0 or 1) 


OFM,, = j"" objective factor measure for i project 
(0 < OFM <1) 
SFM, = k'" subjective factor measure for i'” pro- 
ject (0 < SFM <1) 
i = 1,2,...,n = total number of projects 
j =1,2,...,m = total number of objective 
factors 
k = 1,2,...,r = total number of subjective 
factors 


W; are the relative weights attached to the 


objective factors 
( = . ) 
j=l 


D is the decision weight of the objective 
factors grouping 
As mentioned earlier, this is an extension of the 
Sharif and Adulbhan model [3] and therefore it is not 
necessary to go into details as to how each component 
in the model is computed. 


Incentive allocation model 


A government project evaluator often has to face the 
task of allocating tax incentive to suitable projects. 
When a private investor applies for approval of his 
industrial projects, he usually also applies for certain 
tax incentives, e.g. pioneer status, investment credit 
allowance, labour utilization allowance etc. 

The government either can approve a project without 
allocating any tax incentive or it can approve a project 
and also provide some form of tax incentives. For each 
category of tax incentive, the problem facing the 
evaluator is how to select the projects to be given 
incentives from a group of projects applying for that 
incentive, so that the contributions to the national 
goals can be maximised. In other words, the aim is to 
maximise the total project measures of the selected pro- 
jects (since the project measures indicate the contribu- 
tion of each project to the national goals). The con- 
straints of the problem depend on the particular tax 
incentive scheme. 

In this paper, the use of an incentive-allocation 
model for the tax-allowance scheme known as Invest- 
ment Tax Credit in Malaysia will be illustrated. In this 
incentive scheme, the amount of tax allowance given is 
25% of the total capital expenditure incurred by the 
project. Only capital expenditure incurred during the 
first five years of the project are eligible for the tax 
allowance. The benefit involves the exemption of 
income tax on profits equal to the tax allowance given. 
The credit or allowance may be carried forward in case 
of loss or insufficiency of income until fully utilized 
against subsequent profits. 

The cost to the Government in operating tax- 
allowance schemes is a reduction in tax revenue. In 
particular, for the above-mentioned scheme, the con- 
straint of the problem is the amount of tax credit set 
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aside by the Government for this scheme in any par- 
ticular year. The mathematical formulation is as shown 
below. 


Incentive allocation model 


Maximise 


TPM 


(D)(W, « OFM,)(X;) 
2, 
+ ¥ ¥ (1 — D\(SFMy)(X) 


i=l k=1 


...,n (No. of projects) 
...,m(No. of objective factors) 
,...,1 (No. of subjective factors) 


Subject to 


¥ VX, < Z* 
i=1 


V, = present value of investment credit accorded to 
project i 
Z* = upper limit of tax credit available for industrial 
projects for the current year 
X; = 1 if project i is accorded incentives 
0 if project i is not accorded incentives 


D = decision weight allocated to objective factors, 
<1 


The model described above can be viewed as a knap- 
sack problem not uncommon in management science. 


MODEL APPLICATION 


The model developed in the preceding section is used 
for the appraisal of four real-world industrial projects 
in Malaysia. The four projects are: 


(a) manufacture of hardboard from woodwaste 
(b) production of rubber protective footwear 
(c) production of rubber gloves 

(d) production of swimming fins and caps 


The first project is a timber-based project, while the 
other three are rubber-based projects. The data for 
these projects are obtained from their feasibility studies 
conducted by the Federal Industrial Development 
Authority of Mayaysia (FIDA)'. However the impact of 





' For details see [4]. 
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the methodology in Malaysian decision makers has not 
been assessed. 


Appraisal of the projects 


In appraising the projects using the evaluation 
model, firstly the critical, objective and subjective 
factors are delineated. 


Critical factors 


In this study, the following evaluation factors are 
identified as critical factors: (i) profitability, (ii) techni- 
cal feasibility, (iii) pollution. Each of the projects must 
satisfy these factors before it can be considered. 

The commercial profitability of the four projects has 
been established by their respective feasibility studies. A 
market survey, both domestic and export, has been 
conducted for each of the projects by FIDA. 

The production of hardboard will involve the 
transfer of a modern but well-established technology 
from Germany to Malaysia. There will be foreign con- 
sultant engineers at the early stage of the project to 
help in the supervision as well as to train the local 
personnel. In the case of the rubber protective footwear, 
rubber gloves and swimming fins and caps projects, the 
technologies involved are already in use in Malaysia. 

For the three rubber-based projects, the pollution to 
the environment are well within the permissible limits 
set by the recent Environment Act of parliament. In the 
case of the hardboard project, the effluent from the 
plant will cause considerable pollution to the river of 
discharge. However, the supplier of the plant machinery 
and equipment has proposed the installation of a pollu- 
tion abatement device to reduce the pollution of the 
river water to within acceptable limits. The proposal 
has been forwarded to FIDA and has been accepted as 
satisfactory. 

From the above statements, it can be seen that the 
four projects satisfy all the three critical factors. That is 
the critical factor measure for each of the projects is 
equal to one. 


Objective factors 


The objective factors chosen for this analysis are: (i) 
national income (taken as the average of benefit-cost 
ratio, profitability ratio and output-investment ratio); 
(ii) aggregate consumption (aggregate consumption 
benefits-investment ratio); (iii) balance of payments 
(foreign exchange-investment ratio); (iv) employment 
(employment-investment ratio); and (v) income distri- 
bution (income distribution—investment ratio). 

Table 1 gives the objective factor measures as com- 
puted from the present values using standard equations 
obtained from references [1, 2]. Since the choice of the 
social discount rate is found to be irrelevant [4], results 
based on a 10% discount rate will be presented in this 
paper. 


TABLE |. OBJECTIVE FACTOR MEASURES (Social Rate of Discount = 10%) 





Hardboard 


Objective factors project 


Rubber-footwear 
project 


Rubber-gloves 
project 


Swimming caps & 
fins project 





National income 0.29 
Aggregate 
consumption 
Balance of 
payments 
Employment 
Income 
distribution 


0.29 


0.23 
0.06 


0.09 


0.21 


0.27 


0.34 


0.31 


0.21 


0.19 


0.42 


0.45 
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TABLE 3. PROJECT MEASURES FOR THE 
DIFFERENT PROJECTS 





Project 





1 Hardboard 0.24 
2 Rubber footwear 0.28 
3 Rubber gloves 0.22 
4 Swimming caps and fins 0.26 





Value of decision weight, D = 2/3. 


Subjective factors 


The subjective factors considered in this study are: (i) 
integrated development, (ii) stability and growth, (iii) 
geographical location, (iv) management and skill forma- 
tion, (iv) political and national security factors. 

Table 2 gives the evaluation of these subjective 
factors using the preference matrix concept. 


Project measures 


Before the project measures (PM) can be determined, 
weights have to be assigned to the different objective 
factors. Using the preference theory approach, the fol- 
lowing relative weights (W;) are obtained: W, = 0.25, 
W, = 0.13, W, = 0.25, W, = 0.19, W, = 0.19. 

To illustrate the computation of the project 
measures, a decision weight (D) = 2/3 is assumed. 
Using equations (1) to (5), project measures (PM,) for 
the four projects are obtained as shown in Table 3. 


Incentive allocation model 


The above model has been derived for a particular 
investment incentive scheme known as the Investment 
Tax Credit. To illustrate the application of the model, 
the upper limit of tax allowance available for projects 
for the current year (Z*) is given the value of M$ 2.8 
million. 

The statements of the problem are given in Table 4. 
The coefficients of the objective functions are the pro- 
ject measures of the projects. The coefficients of the 
constraint equations are the present values of tax allow- 
ance given to the projects. These zero—one integer pro- 
gramming problems are solved by the ranking method. 
Table 5 shows the ranking of the projects and Table 6 
gives the solutions obtained. 


CONCLUSIONS 


This study employs an evaluation model that can 
appraise projecis from the broader socio-economic con- 
text. The model utilises on the one hand, social benefit- 
cost analysis for the appraisal of objective (or econ- 
omic) factors. On the other hand, subjective factors are 
evaluated by the use of preference theory technique. 

The evaluation model computes an appropriate over- 
all measure of contribution by each alternative project, 
thus helping to establish priorities among competing 
projects. In addition, it has the advantage of mathemat- 
ical simplicity, as well as generality, thus making it 
possible to achieve a comprehensive appraisal of pro- 
jects. 

The incentive allocation model is a useful tool to 
employ in selecting projects to be given taxation incen- 
tive. The model ensures that the set of projects selected 


TABLE 4. INCENTIVE ALLOCATION MODEL 





Statement of probiem 





Max. TPM = 0.23X, + 0.28X2 + 0.22X3 + 0.26X4 
s.t. 2083X, + 516.6X2 + 548.1X3 + 324.4X,4 < 2800 


X;=0or1 





Value of decision weight, D = 0.66667. 


TABLE 5. RANKING OF PROJECT MEASURES—TAX CREDIT FRACTION RATIO (PM,/F;) 





Project Tax credit accorded 
Present value, V¥ 


Rank i 


Project Project measure per 
measures fraction of budget 
PM; constraint, PM,/F;** 





4 324.4 
2 515.6 
3 548.1 
| 2083.0 


1 
2 
3 
4 


0.26 
0.28 
0.22 
0.23 





* Vaiue in M$ ‘000. 
** F, = V,/Z*. 


TABLE 6. SOLUTION TO THE INCENTIVE ALLOCATION MODEL 





Projects 
selected 


Total project 
measure, TPM 


Present value of total 
tax credit accorded 





4, 2,3 


0.7653 


1388 
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will yield the best total contributions to the national 
objectives per unit of monetary incentive allocated (in 
the form of tax allowance). 

Both the models presented in this study are useful 
aids for project appraisal at the national level. Sensi- 
tivity analysis may be performed to investigate the 
changes in the project measure due to changes in the 
parameters of the model. The models could thus be 
used in providing guidelines for policy-makers of devel- 
oping countries in the latter’s investment decision- 
making processes. 
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Correlation Coefficients of Linear Regression 
Models of Human Decision Making 


INTRODUCTION 


LINEAR REGRESSION models have often been used in 
applications of models for managerial decision making. 
Surprisingly good results have been obtained when 
modelling the decision maker’s past decisions and then 
using the resulting model for future decisions. Several 
explanations for this fact have been offered; see, for 
example, Moskowitz [5] and the subsequent discussion 
by Ashton [1]. One explanation suggested by Dawes 
and Corrigan [3] is that “in these contexts each vari- 
able has a conditionally monotone relationship to the 
criterion. That is, the variables can be scaled in such a 
way that higher values on each predict higher values on 
the criterion, independently of the values of the remain- 
ing variables”. They further state that linear models are 
good approximations to all multivariate models that 
are conditionally monotone in each predictor variable 
by referring to computer simulations performed jointly 
by Rorer [6] and Dawes [2]. The fit between the 
models and the linear approximations were evaluated 
by multiple correlation coefficients (mcc’s). Later ex- 
periments have produced similar results. In a series of 
experiments performed by Hemming [4] 240 mcc’s in 
the range 0.54—1.00 were computed, giving an average 
of 0.87. In the following we shall investigate the effect of 
conditionally monotone relationships on the size of 
mcc’s. 


CORRELATION COEFFICIENTS r FOR 
CONDITIONALLY MONOTONE 
RELATIONSHIPS 


Consider the case with a single predictor variable x 
and let the points z; = (x;, yj), i= 1 
past human behaviour — such x; = 
0 < x2 <... < Xy = 1 where the criterion values y; are 
finite. Assume further that the monotonicity condition 
xj < xj =>); < y; holds. Without loss of generality we 
may assume that y, = 0 and yy = 1. The mcc is in this 
case simply the ordinary correlation coefficient r. 











Fic. 1. The non-linear monotone curves ABC and 


AB UB'C. 


Because we are interested in lower bounds on r we 
select the points z;, i= 1,...,N so that ry becomes as 
small as possible. For N = 3 it is obvious that the 
points A, B and C (see Fig. 1) will make r; the mini- 
mum. Here point B may be regarded as the limiting 
point for a set of points (l-e.<) when e 0. 

For N = 4 we may try to add a point to the con- 
figuration A, B, C. Because of the monotonicity condition 
this point must be either on the line AB or on the line 
BC. Because of symmetry we may assume that z, is on 
AB. The maximum of r, (= 1,/3) will be obtained for 
Zz, = Aand the minimum of r, (= 1/3) will be obtained 
for 242 If further points are added, then 

=... = B will give the minimum and in this 
1/((N — 1) and the regression equation has 
the form y, = ryx. In this pathological case with one 
point each in A and C and the rest in B the correlation 
coefficient ry will tend to zero for increasing N. As 
another less pathological case assume that the points 
are evenly distributed along the curve ABC, i.e. let 
z, = (i — In -— 1), 0) for i=1 
(i—n)(n—1)) for i n= 
(N + 1)/2. We obtain 


ry = 3(N? — 1)(5N? + 3) (1) 


The correlation coefficient ry attains its smallest 
value 0.5 for N = 3, ie. the points A, B, C and its 
largest value 0.6 for N = «0. This means that a linear 
regression model will explain 25—36°% of the variation 
of points evenly distributed along the ‘strongly non- 
linear’ curve ABC. As another extreme case assume that 
the points are evenly distributed along the two line 
segments AB’ and B’C. Here ry approaches 
/ 3/2( =~ 0.866) from above as N — 00. 


CONCLUSION 


The underlying relationships in real applications can 
be expected to be considerably ‘more linear’ than in the 
cases treated here, and therefore it should be no sur- 
prise that very high correlation coefficients are obtained 
when using linear regression models for modelling con- 
ditionally monotone relationships. 
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EDITORIAL 


The Non-Executive Director 


WHAT DOES a Board of Directors actually do? How does it operate 
and what mechanisms are employed to ensure that it concentrates on 
issues that are central to the survival of the company and to its future 
well-being? And how do the power structure dnd internal politics 
manifest themselves? 

I first becgme interested in these fascinating problems several years 
ago when I carried out a study of the structure of the board of a public 
company with a view to making recommendations to the chairman 
about ways in which his board could become more effective. I got to 
know the members of the board and learnt the history of how they 
were appointed to it, I interviewed them about their perception of their 
roles and the roles of their colleagues, I studied the procedures of the 
board and scrutinized its paperwork over a period of time, I attended 
board meetings and observed the decision making process with all its 
rituals at work. 

This assignment was followed by many others, and I soon concluded 
that it would be unwise to jump to any firm conclusions. Boards—like 
people and the organizations they serve—come in all shapes and sizes; 
they vary not only in composition and in procedures, but also in their 
character and in the manner in which decisions are arrived at. The 
participation of board members in the proceedings is a complex amal- 
gam of how they see their responsibilities and loyalties to the organiz- 
ation, to the board and to their colleagues, and how they interpret the 
contribution that is expected of them. There are, for example, many 
instances in which appointments to the board are made in order to 
represent the interests of particular groups of shareholders, and what- 
ever independent line the appointees wish to pursue, they cannot 
forget the purpose for which they initially joined the board. The con- 
flict of interests that observers sometimes refer to is, therefore, not just 
between factions that represent identifiable pressure groups, but also 
between an individual board member’s convictions on the one hand 
and formal allegiance on the other. The analysis of behaviour is, need- 
less to say, rather difficult, since it is not always possible to attribute it 
with certainty to any one given major cause, particularly when that 
cause is not consistently dominant. 
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Editorial 


The question is whether any general observations can usefully be 
made about the workings of the board. On the assumption that role 
playing is one strong determinant of human behaviour, it seems appro- 
priate first to recognize that board members fall into three distinct 
categories: 


(a) The chairman, and the chief executive or the managing director 


(b) Executive directors, who may be divided into directors in charge of 
operating divisions and those responsible for functions supervised 
from head office 


(c) Non-executive directors, some of whom are appointed by specific 
factional interests, while others are there to bring a critical but 
unbiased viewpoint. 


It would be surprising if membership of each of these groups had no 
effect on the behaviour of the individual director: his current and 
future interests, as well as his relationships with other groups on the 
board and outside it, are bound to influence his attitudes to issues that 
come up. 

It is tempting, therefore, to postulate that a common basic pattern of 
behaviour can be discerned for all members of a given group and that 
this pattern is enhanced by the manifest or expected postures of the 
other groups. For example, the role of chairman is seen as that of 
looking after the interests of the enterprise as a whole, its customers, 
shareholders and employees, and in particular he is expected to look 
to the future and steer the board towards making decisions that will 
ensure that the enterprise will have the necessary manpower, physical 
and financial resources to operate effectively and achieve its goals. The 
chief executive and managing director shares this role, but by the 
nature of his responsibilities his attention tends to focus on the ‘here 
and now’, namely on the need to monitor and control the performance 
of the constituent parts of the business in the short term. 

Similarly, operating executive directors cannot divorce themselves 
from the pressing needs of their divisions and are likely to pursue 
ways that will strengthen the divisions and protect them from external 
threats or from interference. In contrast, the functional directors (such 
as those responsible for finance, manpower, production, sales etc.) are 
interested in the general allocation of resources, in comparing perform- 
ance and in ensuring that the behaviour of the constituent parts is 
consistent with laid down norms and targets. It would, therefore, be 
reasonable to hypothesize that as a group the operating directors are 
often on the defensive vis a vis functional directors, while the latter 
seem defensive about what they expect from the operators and the 
stream of directives that they feel obliged to issue to the field. This 
dichotomy between the two groups was vividly exemplified in one 
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board that I visited, where the operating directors were seated along 
the boardroom table on the chairman’s right, while the functional 
directors confronted them on his left, and the discussion took the form 
of a continuous exchange between the two sides, with the chairman 
acting as a referee. In another boardroom I witnessed a similar line up, 
except that on that occasion it was all the executive directors facing 
the non-executives. 

But beyond these general frameworks there are many other factors 
that impinge on boardroom behaviour. First, the personality of the 
chairman and the interplay between him and the managing director 
are of great consequence. In many companies the lines of demarcation 
between the two roles are far from clear and the chairman is con- 
stantly found to be intervening in day-to-day affairs, even by-passing 
the managing director in giving direct instructions to divisions. It is 
often said that two dominant personalities in these roles cannot con- 
ceal for long the clashes that occasionally erupt and spill over into the 
boardroom. In some companies the two roles are simply cgmbined in 
order to avoid the necessity of defining who does what, leaving the 
chairman/chief executive with an awesome burden; nevertheless, a 
report of a recent survey in the US suggests that in over seventy 
percent of the responding companies the chairman also acts as the 
chief executive and that surprisingly enough this happens more often 
in the larger companies [3]. 

Incidentally, it is sometimes alleged that the chairman-owner of the 
business (or a chairman with a majority shareholding) behaves dis- 
tinctly differently from the chairman-appointee, in that the former is 
more authoritarian, almost dictatorial, in his approach, while the latter 
is conscious of the possibility—however remote—that he can be 
dismissed from his job and is therefore more ‘democratic’ in his deal- 
ings with the management and with his fellow directors. I don’t know 
whether there is any statistical evidence to support this hypothesis, but 
I can cite examples that deviate from it: in one company the chairman 
with infinitesimal shareholdings was as authoritarian as can be im- 
agined, making important decisions with little consultation and gener- 
ally behaving as if he owned every single nail in the shop, concentrat- 
ing a great deal of power in his own hands and denying even the 
possibility of any significant delegation. In another company, which 
the chairman had built from scratch and transformed from a privately 
owned concern into a sizeable public company in which he continued 
to hold the majority of the shares, he withdrew from the daily oper- 
ations to spend a great deal of his time on a curious passion—writing 
theoretical papers on particle physics, which failed to get published in 
learned journals. For him power meant the ability to delegate and to 
choose not to meddle with the way his senior executives ran the 
business. But these examples may be exceptions to the rule. 
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As for executive directors, it would be rash to conclude that they are 
all of a kind. Apart from obvious differences in temperament and 
personality, it does not take long for an observer to discern a hier- 
archy, which is formally or tacitly accepted. In some cases the designa- 
tion ‘senior director’, or the fact that in operational matters outside the 
board one director reports to another (other than to the chief execu- 
tive), are formal trappings of hierarchy. But even in the absence of such 
obvious characteristics, the board is rarely a gaggle of equals. An 
informal pecking order emerges, with some members perceived as 
carrying greater weight than others, sometimes because of their senior- 
ity in years and experience, sometimes because of the articulate man- 
ner in which they marshal their arguments. In this respect, the board is 
no different from any other committee, in which some members are 
seen to lead while others are content to be led. 

The third group, that of non-executive directors, I find a particularly 
intriguing breed. For the sake of our discussion we may divide them 
into three sub-categories. The first consists of those appointed to pro- 
tect the interests of major shareholders, and the power of financial 
institutions has been increasingly manifest in this respect in recent 
years. From time to time they are urged by many influential figures to 
become more active and interventionist, as is evident from a recent 
statement by the Governor of the Bank of England [7]: 

“Institutional shareholders should take trouble to ensure that directors of companies 

in which they have important investments are doing a good job. If they are doubtful 

or uneasy, they should ask for explanations and expect to receive them. Thereafter the 
nature of the appropriate action will depend on the circumstances of the case. But, if 


in the end they are dissatisfied, they should, individually or collectively, take steps to 
change the composition of the board.” 


The second sub-category of non-executives are employee-directors, a 
relatively common phenomenon in West European companies. The 
recent Bullock report [2] strongly urges the mandatory introduction 
of employee-directors in Britain, with the specific remit of looking after 
the interests of company employees, and clearly the presence of such a 
faction on the board must have an impact on its deliberations. 

Leaving these two sub-categories aside—namely, the institutional 
and employee representatives—we are left with a third sub-category, 
that of the non-executives who represent no-one in particular. Tricker 
identifies this type as “the independent director”, who is defined by the 
New York Exchange as “the director who is independent of manage- 
ment and free from any relationship which could interfere with the 
exercise of independent judgement as a committee member” [7]. 

The fascination of non-executives to me originally stemmed from the 
fact that in my studies of board structures I found it necessary to 
delineate their tasks and potential contributions in relation to all other 
board members, and more recently my own experience as a non- 
executive director has led me to seek a better understanding of this 
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role and its implications both for me as a participant-observer and for 
the organizations which I serve. 

Rummaging through my files recently, I came across the first draft 
of the terms of reference for a non-executive director that I formulated 
some ten years ago, after one of my early studies of board structures: 


@ contribute to the formulation of policies and objectives of the 
enterprise 


@ help to evaluate strategies and corporate plans 


@ analyse performance criteria and means of comparison with other 
enterprises 


@ advise on board composition and procedures 
@ help in the selection, assessment and guidance of senior executives 


@ help in the evaluation of specific functions, such as production 
facilities, marketing, finance, the effectiveness of management 
services etc. 


@ advise on proposals for expansion, acquisitions, diversification, 
and changes in the capital structure. 


A short while later I asked Sir Maurice Dean of the Institute of 
Directors in Britain about his views on non-executive directors, a sub- 
ject that he was deeply concerned about at the time. In 1970 the 
Institute commissioned a survey of British public companies and con- 
cluded that nearly half the boards in the sample had no non-executive 
directors. Sir Maurice felt strongly that their absence was a serious 
impediment, a sentiment echoed later in a US study [4]: 


“Given the continued existence of the board, given the realization... that the board 
cannot ‘manage’ but that it can only ‘direct’ the management, and given the insistence 
at the level both of law and reality that the board must act more responsibly than 
heretofore, what is to be its proper role? It is appropriate to set to one side consider- 
ation of the role and responsibility of the ‘inside’ director, who is both officer and 
director. Numerous studies have made it clear that those directors act primarily as 
managers, that they cannot perform objectively in any capacity other than as 
managers and that, at the worst, they merely duplicate the thinking of the chief 
executive officer. This leaves for consideration, then, the role of the outside director.” 


Sir Maurice tried hard to promote the idea that every board should 
have one or preferably several “outside directors”, as he preferred to 
call them (he was widely supported in this view, as is typified by the 
following remarks [7]: “The trouble with an all executive board, par- 
ticularly if the post of the chairman and chief executive are combined, 
is that the board finds itself marking its own examination papers”; and 
“There must be more than one non-executive, otherwise his is a lone 
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voice crying in the wilderness”), and furthermore he was unhappy with 
the limited role that non-executives seemed to have.in companies that 
had them. He summarized his thoughts on the subject as follows: 


“The job description of an outside director could cover some or all of 
the following 


(a) To bring to bear on the business of the company such personal 
skills and experience as he may possess; 


(b) To keep up-to-date his knowledge of the environment in which the 
company operates by maintaining his contacts with government, 
commerce, banking and industry; 


(c) Specifically, to form and express independent but constructive 
views on all matters placed on the Board agenda; 


(d) To place upon the agenda any matters which he considers the 
Board should discuss; 


(e) To bring to the Board a detached view on managerial competence; 


(f) To watch the functioning of the Board and to propose, through its 
Chairman, any changes that seem necessary; 


(g) To make himself acquainted with the company’s activities and 
products and with its key managers; 


(h) To assist the Board by serving on sub-committees of the Board 
responsible for such matters as the terms and conditions of 
employment of the senior executive staff, finance etc. Also to be 
available as required for private consultations with the Chairman 
on company affairs. 


(i) To visit the company’s plant as required. 


A job conforming to this description is something far removed from 
the passive and formless role sometimes remitted to the outside direc- 


” 


tor. 


The two job specifications were written independently of each other 
and a close examination of the details may reveal some interesting 
differences in emphasis, and in the degree to which the non-executive 
director is expected to take an initiative instead of simply reacting to 
events. Furthermore, the diverse nature of the tasks listed would rarely 
enable a single individual to make an impact on them all, and the 
quality of his contribution would naturally depend on his particular 
expertise and aptitudes. 
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What the two specifications have in common is that they are norma- 
tive, and as such they are typical of documents appended to an exer- 
cise in organizational design (other examples of extensive specifications 
can be found in [1,4]). They tell us what the designers expect should 
happen, not what does actually happen. And it is what does happen 
that can throw some light on the interactions between the non-execu- 
tive and the executive groups on the board, as well as on the decision 
making process as a whole. The description of reality needs to cover 
several areas, such as the actual composition of boards (i.e. statistical 
data on directors’ backgrounds, on board size, on correlation with 
company size, on length of service, on remuneration, etc.), the attitudes 
held by board members, and the processing of business for board 
decisions. A great deal of statistical information has been collated on a 
regular basis, for example by consulting firms specializing in executive 
search on the basis of annual or ad hoc surveys (e.g. [3—5, 7]), but these 
surveys rarely attempt (except for their attitudinal element) to postu- 
late on the behaviour of directors in general, or on the impact that 
non-executives actually make on their boards. The question is whether 
any general conclusions can be derived from field studies conducted 
for the purpose. 

Such a claim is implied in a recent paper by Spencer and McAuley 
on the role of the non-executive director [6]. The selection by social 
scientists of any group of people for close observation is based on the 
belief that there is a sufficient degree of commonality between the 
experience of its members to justify certain general conclusions about 
their behaviour. The authors further defend their approach as follows 
[6]: “What is our entitlement to believe that ‘our interpretation’ has 
any validity? There are several responses to this question. On the one 
hand we can suggest that our special training as social scientists, our 
demonstrable ability to collect data, our ability to analyse that 
material—generate description of their activity—gives us a special 
status. It is an utterly bland fact that the way in which we collect data, 
assemble descriptions, systematize those theories, hypothesize and 
theorize are in crucial respects different from, more concentrated than, 
such activities as commonly undertaken by the man in the street.” 

I am not sure what the man in the street would make of the role of 
the non-executive director, and I doubt whether I would take his views 
as an adequate yardstick for judging the quality of descriptions pro- 
duced by more discerning investigators. But the question that natur- 
ally arises is whether the picture conjured up by an outside observer is 
in any way superior to the one that the participant has from the inside, 
particularly when the investigation methodology heavily relies on 
extracting the information from him in the first place [6]: “As the 
investigative work progresses, as listening to non-executive directors 
talk, discussion with people who know non-executive directors takes 
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place, as we listen to people theorizing, characterizing, describing, ana- 
lysing their activities, we want to capture that without making any 
hypotheses about it.” 

Essentially, however, the picture that emerges is secondhand, one 
stage removed from the source, and even if the source itself, namely the 
director who talks about his job, does not distort reality (and there are 
many good reasons why he might), the picture that he transmits is 
rarely identical to the one that the listener receives. This in itself does 
not make the latter invalid: an observer reports his own reactions, 
whether they are in relation to a series of events, a landscape, a piece 
of drama which unfolds in front of him, or an organization structure. 
His reactions may well differ from those of another observer (even 
when both happen to be social scientists) and the value of what they 
say is primarily a function of the level of understanding that they 
develop of a given subject and the depth of insight that their study can 
demonstrate. But what I find difficult to accept is that it is possible to 
make much progress in an investigation of this kind without hypoth- 
eses, however tentative, since it is only with the aid of hypotheses that 
the investigator can direct his efforts in a structured and coherent way. 

As it happens, the results in [6] either reveal little that has not been 
said before, or they are based on responses made by some of the 
interviewees that are contrary to one’s own experience. For example, 
the authors discuss the appointment of non-executives and stress the 
desire on behalf of members of ‘the club’ to have people who conform; 
they cite the director who said “What you’ve been looking for, al- 
though you’d never admit it, is a mirror image of yourself”. I do not 
doubt for a moment that this is what he said, nor would I dispute the 
assertion that some boards only appoint conformists (both executive 
and non-executive directors), but I can equally cite many examples 
where precisely the opposite maxim holds. 

Or take the discussion on the theory of power in the boardroom and 
the observation that many respondents made that in their experience 
there had been no voting in a desire to achieve consensus. The impres- 
sion might be gained that such a process is a manifestation of how the 
spineless non-executives are constantly cowed into submission, 
whereas in reality it may be a reaffirmation that the board has a joint 
responsibility for the affairs of the company and that the non-execu- 
tives cannot legally opt out. A board which constantly votes on ‘party 
lines’, irrespective of how.they are drawn, cannot operate effectively, 
although—as Spencer and McAuley found in their investigation—this 
does not preclude the possibility of dissent. Taking the argument to its 
logical conclusion, if members of the board persistently and continuously 
diverge in their perception of corporate objectives and in their approach 
to strategy, then no common ground jor decision making is possible and 
the board becomes impotent; if they are always of a like mind, the board 
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is redundant. There has to be unity of purpose, but also debate, critical 
examination of issues and strategy, and above all objectivity—all these 
are essential ingredients, if the board is to function effectively. 

Members of any species will always find reason to sniff at those who 
put them under observation, and my comments may justifiably be 
regarded as biased. My feeling about non-executive directors is that 
perhaps they are just too individualistic to be forced into a single 
mould, and that the circumstances in which they operate vary so 
greatly that, apart from the broad classification of board members 
discussed earlier, there is little merit in trying to identify general com- 
mon patterns of behaviour. In short, we face here the classical dilemma 
of whether a sample of case studies that investigators examine in some 
detail, and the responses that they extract from individual interviewees, 
add up to a coherent theory. I am sceptical, but the subject matter is 
so fascinating that further studies will doubtless follow. 
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A closed game is described in which one person, representing a land force commander, plays against 
an unknown but pre-determined threat and decides when and where to deploy reserves. The game 
was designed to investigate the value of various levels of intelligence data. But large changes in data 
have had little effect on the quality of decisions made; the dominant feature is the variation between 
players. The possibility that the game itself might add unnecessarily to this variation has been 
examined. Accepting that large variation between players may be a fact of life, a way of increasing 
the efficiency of highly controlled games has also been tested. A number of working hypotheses, 
thought to be independent of the defence context, are offered to future game designers and the 
question is raised as to why Operational Researchers, who claim to assist decision-taking, know so 


little about what influences a decision. 


INTRODUCTION 


IN HIS RECENT book on research games, 
Bowen [2] mentions games under development 
at his own Establishment for the study of infor- 
mation and decision-taking in Army ‘Com- 
mand and Control organizations. This paper is 
the first published report of this work. It is 
offered at an early stage because the results 
obtained so far seem to raise issues of funda- 
mental importance, not only to defence 
decision-taking, but to operational research in 
general. 

In defence, as in industry and commerce, 
there is considerable momentum behind the 
development of so-called management infor- 
mation systems. Their purpose is to improve 
the quality and timeliness of decisions made by 
battlefield commanders. The question posed to 
operational researchers is ‘What is their value?’ 
A measure of how much these systems improve 
decision-taking would be one way of evalu- 
ating them. But such a measure is difficult to 
obtain because of a lack of understanding of 
what constitutes information and how deci- 
sions are influenced by it. Ackoff and Emery 


[1] state that: “A communication that pro- 
duces a change in any of the receiver’s prob- 
abilities of choice informs him, and hence 
transmits information”. If we use the word data 
to describe the contents—symbols, words or 
numbers-——of a communication, then it follows 
that not all data are necessarily information, 
for not every part of every communication 
influences a receiver’s perception of the choice 
of option open to him. Until we know better 
then, it would be prudent to refer to data sys- 
tems rather than information systems when we 
are considering potential investments in equip- 
ment intended to provide data for information 
purposes. 

Because data become information only after 
being processed in the recipient’s mind, an 
understanding of the difference between them 
can only be obtained from a basis of experi- 
ments conducted with people. One type of such 
experiment is a simulativn involving at least 
one human decision-taker. In operational 
research terminology this is usually referred to 
as a ‘game’. Although games have been played 
in military contexts for years, few of them have 
been structured in a way that enables quanti- 
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tative analysis of the use of data to be made. 
But a game designed to investigate the value of 
information must also have regard to other 
variables that might influence the behaviour of 
people and the decisions they take. These other 
variables can be loosely classified into two 
categories: 


(a) Environmental. The physical and temporal 
conditions under which a decision is made 
or a game is played; and 


(b) Situational. Those factors that might 
influence the decision-taker’s or player’s 
perception of his relationship to the system 
about which, and in which, he takes deci- 
sions. 


The results of early experiments, which are 
summarised in this paper, indicate that some of 
these behavioural factors could have an impor- 
tant, if not decisive, influence on the results of 
decision-taking in games, and by inference, in 
the real world. 

Out of the possible spectrum of games, from 
purely automaton or deterministic ones 
(examining the effect of changing decision rules 
in models) to those involving both RED and 
BLUE players (traditional war games), games 


involving one human player, or a co-operating 
group of players, appear to be the only type 
that can produce useful measures relating to 


behaviour, in practical timescales. Purely 
automaton games in which various decision 
rules are examined, have been used to identify 
those decisions which appear to have the great- 
est influence on potential battle outcomes and 
so are worth analysing. But automaton games, 
by their nature, do not reveal anything about 
the behaviour of people nor what use they 
make of data. Two-sided war gaming has been 
rejected because of the effort needed to repli- 
cate sufficient games for statistical validity. 
Indeed the thought of any form of interactive 
gaming has been put to one side until some 
basic understanding is gained of how to play 
and control simple games. 

In the original version of the game chosen 
for our purpose, one person representing a 
BLUE (friendly) commander plays against a 
pre-determined RED (enemy) threat and makes 
one decision; at this point the game is termin- 
ated and analysed. In Bowen’s classification of 
game structure this is a ‘one-person closed 
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game with a single decision point’. It has a 
close conceptual relationship to the NCB 
Game described by Sloman [6], although in 
the NCB case the opposition is ‘Nature’. Its 
purpose is research. The philosophy of using 
games as research tools is dealt with by Bowen 
[2]. In such a game the researcher is trying to 
discover something. In games used for other 
purposes the player may be the focal point, 
either by being taught something, or by 
attempting to learn something about the real 
world for himself as he plays the game. These 
games are different. 


DESCRIPTION OF THE GAME 


In our game, a player sits at a table in a 
room which has suitable maps pinned to the 
wall, which simulates an Army HQ command 
cell. He is told that he is to play the role of a 
land force commander. His task is to decide 
when and where, within nominated boundaries, 
to deploy a reserve formation in such a way as 
to halt the enemy advance, or delay it for as 
long as possible, and to inflict the maximum 
casualties. As the game proceeds, the player is 
given data on the progress of the battle in the 
form of map overlays and written briefs. The 
written briefs simulate what, in reality, would 
be mostly oral Intelligence or Operations 
reports. They are written so that the experi- 
menter knows that each player receives exactly 
the same data. It is felt that oral briefs, though 
more realistic, are difficult to control and more 
liable to transmit nuances. 

As the battle develops, the player should 
eventually realise that his own front line forces 
are going tc be overwhelmed and that he will 
need to deploy his reserves. Until this happens, 
he has an entirely passive role in the game. He 
can only watch as his front line forces, already 
drawn up in position, are met by the enemy 
and eventually fall back to preplanned pos- 
itions at the discretion of lower level com- 
manders. Indeed, this is much as it would be in 
reality, once the battle has commenced. To 
relieve any frustration at his lack of influence 
the player is given a sheet of paper on which to 
write his comments and any instructions he 
would like to be able to give. Few choose to do 
so, but we believe it is important to give 
players the opportunity to make comments to 
avoid alienating them. 
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The streams of battlefield data that a com- 
mander receives in war are many and varied. 
For the initial study, it was decided to group 
them into one of four sets: 


(a) Prior intelligence. Data on RED strength, 
locations, activities and intentions that 
might be collected before battle com- 
mences; 


(b) Far RED intelligence. The flow of data on 
the strength, locations, activities and group- 
ings of RED units out of contact with 
BLUE forces obtained, during the course of 
the battle, by reconnaissance; 


(c) Near RED intelligence. As in (b) above but 
for RED units in contact; 


(d) BLUE intelligence. A flow of data concern- 
ing the current strength and position of 
friendly forces. 


From this crude initial classification, we 


believed that we could obtain information to 
guide us into more detailed studies. We have 
used two levels of each of the data sets in our 
investigations. They are described in this paper 


as ‘high’ and ‘low’, and they correspond to a 
military appreciation of the maximum and 
minimum that could be realistically played. As 
a rough guide ‘high’ corresponds to 80% of all 
the possible data and ‘low’ corresponds to 20%. 

At an early stage of game design, it was 
decided that some random inaccuracies or 
errors should be introduced into the data, and 
players warned of this so as to reduce the artifi- 
ciality that would result if players believed that 
every item of data was accurate. In the event, it 
was found that the inevitable errors that 
cropped up during the initial data preparation 
were sufficiently numerous, and so realistic, 
that no deliberate errors were introduced. 
Proof reading of data briefs and map overlays 
was, therefore, confined to correcting only 
obvious map and message errors. However, 
whether or not inaccuracies are introduced 
into any game, it is suggested as a general pre- 
caution in games that players are always told 
not to regard every piece of data as necessarily 
correct. 

In order that we could carry out controlled 
experiments to examine how the same player 
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would react under different circumstances, 
players had to be able to play more than one 
game. Three different, but plausible, scenarios 
were generated. In each scenario, the initial 
BLUE deployment and defensive plan was the 
same but the RED threat differed in direction, 
speed and weight of attack. In each case, for 
convenience, a detailed analytical model of a 
land battle was used in the preparatory phase 
of scenario construction to simulate the pro- 
gress of battle up to a point at which RED 
broke through the forward BLUE forces with 
the reserves uncommitted. This provided a 
basis for constructing the briefs and map over- 
lays for the games, as well as a means for ana- 
lysing, in a consistent quantitative way after 
the games had been played, the deployment 
decisions made by the players. Considerable 
effort was required from the military members 
of the OR team in creating the numerous mess- 
ages of the sort that a commander might, in 
reality, receive in each battle portrayed in the 
model. They had to go to considerable lengths 
to construct a complete logistic and movement 
history that fitted the particular sequence of 
events occurring at the front so that we could 
be sure that the fragments of data eventually 
fed to players did come from a coherent 
pattern. 

A preliminary brief was given to all players. 
This gave details of BLUE forces, battle plans 
and deployments, plus whatever level of prior 
intelligence on RED forces was being played. 
On the day of the game, all data were supplied 
as a series of written briefs followed by an 
updated map overlay. Overlays were provided 
after fixed periods of battle. During these 
periods players received, in these experiments, 
nine data sheets. The nine sheets were always 
presented in the same order (sheets 1, 4 and 7 
were BLUE data; 2, 5 and 8 Near RED data; 
3, 6 and 9 Far RED data), and players were 
allowed to pace themselves, reading the ne 
data sheet when they had absorbed the pre- 
vious one. The separate data sheets were 
handed out in sets of three (1, 2 and 3 together, 
etc.) rather than being spread evenly in time; in 
this way at any moment in game time, the 
player had a reasonably complete picture of 
what was going on. They were presented separ- 
ately so that different combinations of data 
level could be played by simply exchanging 
data sheets. Map overlays, for similar reasons, 
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were constructed as a base displaying low data 
with supplementary flips to convert low data to 
high data. In later games, when a more rigid 
control of time was exercised, the data sheets 
were divided into individual messages and fed 
to players at predetermined, frequent but ir- 
regular intervals in the same sequence. 

To help the player, two methods of planning 
the deployment of the reserves from their ini- 
tial concentration area were provided: 


(a) Contingency plans. The initial planning 
instructions supplied to the player before 
the game gave details of a number of re- 
alistic contingency plans and specified the 
deployment time for each. 


(b) New plans. In order to give the player flexi- 
bility in deploying reserves into areas not 
included in the contingency plan, all players 
were given a simple planning aid. This was 
a measuring rule giving movement times 
with distance, on the same scale as the map, 
for all or part of the reserve, plus a state- 
ment of the amount of time that had to be 
added for reconnaissance, digging in etc. By 
pinning this on the map during the game 
the player could rapidly calculate how long 
it would take to deploy to any location. 


The game ended when BLUE reserves were 
inevitably committed to fighting RED in a pos- 
ition selected by a player, or when RED broke 
through the forward BLUE defences, which- 
ever was the earlier. In some _ situations, 
players’ deployment plans could be altered as a 
result of fresh information becoming available 
between the times of the reserve being ordered 
to move and its arrival at the selected point. If 
conditions would realistically allow a change in 
plan to be put into effect, then this was 
allowed. In some cases, it was quite difficult to 
decide whether and when to terminate a game, 
in which an early deployment decision had 
been made, without giving the player informa- 
tion on the quality of his decision. For our 
research purposes we wished to terminate a 





' A lattice square is a special experimental design of the 
incomplete block type in which n? treatments can be com- 
pared in 2n blocks of n treatments. A full description can 
be found in most text books on experimental design for 
example CocHRAN & Cox (1960) Experimental Designs 
p. 396, Wiley, London. 


Daniel—What Influences a Decision? 


game as soon as possible so as to minimise any 
feedback to the player until he had played all 
three games. We did not want players improv- 
ing their performance from game to game as a 
result of their having learned something from 
past games. 


MEASUREMENT 


After the games had been played, the players’ 
deployment decisions were simulated in the 
model of battle used to generate the scenarios. 
By running the model, the casualties suffered 
by RED before breaking through and the delay 
imposed on him, as a result of a player’s deci- 
sion, could be measured and compared to what 
would have happened had no deployment been 
made. The threats in the three scenarios were 
so arranged that the RED forces always broke 
through and overwhelmed the BLUE reserve 
however well they were deployed. The reason is 
that if players were allowed to win a battle by a 
good deployment there would be a disconti- 
nuity in result between good players (winners) 
and poor players (losers). Later in this paper, 
some results will be presented. To make the 
measures of additional casualties and ad- 
ditional delay dimensionless and independent 
of the detail of the scenario, they are expressed 
as a percentage of the measure that results 
from the best deployment for each scenario— 
this best deployment has been established by a 
process of trial and error. 


EXPERIMENTAL DESIGN 


In planning the initial experiments the ex- 
perimental team faced the usual conflict. We 
wanted to discover whether the technique was 
worth pursuing. We only had a handful of 
players immediately available. Although with 
four data sets each of which could be played at 
either a high or low level, there were 16 poss- 
ible combinations to play, these were too many 
to tackle at once. We decided to start with a 
partially balanced incomplete lattice’ experi- 
mental design even though we could not 
assume that the results would be normally dis- 
tributed or that errors were additive. This 
design needs only six players playing three 
games each for some analysis to be carried out 
on nine data combinations. Adopting a formal 
design does not preclude the use of non- 





Omega, Vol. 8, No. 4 


parametric tests. This particular one also has 
the flexibility of allowing the experimenter to 
change his mind on the basis of a limited 
analysis of 18 games or go on to balance the 
design by doubling the experiment. Through- 
out, our philosophy has been to conduct a 
sequence of small experiments designed to dis- 
cover the major influences on decision-taking 
rather than to examine exhaustively one par- 
ticular aspect. Each experiment has been 
designed in the light of what has been learned 
from previous ones. The result is a series of 
experiments that reflects the knowledge that we 
gained as the work proceeded. 


RESULTS 


A game does not take long to play. The 
timespan of an experiment is set by the avail- 
ability of suitable players. Over two and a half 
years, we have accumulated results from 69 
games (23 sets of players). All the players were 
service Officers with a similar level of experi- 
ence although they did not have direct experi- 
ence of the command role they were asked to 
play. How seriously this lack of direct experi- 
ence modifies any deductions that can be made 


will be discussed in the concluding remarks. 


Initial experiments 


For the initial experiment, the nine data 
combinations played were chosen so as to 
cover the extremes—20% of all available data 
and 80% of all available data—but with a bias 
towards combinations with more data sets at a 
high rather than a low level. The reason for the 
bias was a preconception, to be disproved later, 
that good quality decisions could only be made 
in games played with a lot of data. 

Subjectively, the games appeared to be suc- 
cessful. All players said that they enjoyed the 
games and thought that they were worthwhile 
and realistic. Although they knew the results 
would be anonymous, players felt that they 
were under pressure to do well and appeared 
to be particularly tense in their first game. 
Every game was monitored by an experimenter 
and there appeared to be no obvious rule- 
playing or gamesmanship. Players gave warn- 
ing orders to their reserves so that they would 
not have to move unexpectedly and at short 
notice, as a real commander would do in prac- 
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tice. No player bent the rules by holding his 
reserves continuously at instant readiness. 

Because the player had only to concentrate 
on making one decision, albeit an important 
one, it was expected that the game could be 
played much faster than real life—but how 
much faster? We did not want to add the ad- 
ditional variable of time stress so, in the initial 
experiment, players were allowed to pace them- 
selves. 

To help gauge the reaction of players to 
various data levels, to look for possible learn- 
ing effects and to check on consistency of 
players, they were all timed whilst reading the 
data. It was emphasized to players that al- 
though they were being timed, it was not a race 
and they were to take their own time. A con- 
siderable quantity of data on the time taken by 
players to play games and read the data briefs 
was collected and analysed. In summary, these 
data show a high degree of consistency in the 
pace at which individual players play. There is 
also strong evidence to suggest that any learn- 
ing effect is absorbed during the early part of a 
player’s first game. This occurs well before he 
has to take a decision and is based on the 
observation that players took a longer time to 
play the earlier stages of their first game com- 
pared to the series as a whole. There is also 
considerable ‘evidence, reinforced by sub- 
sequent experiments, that players who make 
the best decisions take longer than average to 
play the game. The slowest player took twice 
as long as the fastest player. 

Statistical analyses of the sum of the two 
quantitative measures of the quality of deci- 
sions made by the six players in the first experi- 
ments (casualties and delay as computed using 
the model) gave rise to three working hypoth- 
eses: 


(a) there is a large variation between different 
players compared to the variation between 
games played by the same player; 


(b) there is no difference in the quality of deci- 
sion made by a given player in the three 
scenarios (since these were always played in 
the same sequence we infer that there is 
either no learning effect in the game or, if 
there is it is counterbalanced by a matching 
increase in the difficulty of games); and 


(c) more data does lead to better quality deci- 
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sions, though the effect, with the data com- 
binations examined, is small compared to 
the variations in results between different 
players. 


Second experiment 


Whilst we were carrying out these analyses, 
three more players became available. It was 
decided to use them to see whether there was 
any difference in the amount of information 
players extract from high levels of data sup- 
plied on RED and BLUE forces during the 
battle. By ignoring the high levels of prior 
intelligence a complete Latin square design? 
could be played by three players playing three 
games in which the BLUE, near RED and far 
RED data flows were each played at a high 
level in turn, whilst the remainder were played 
at a low level. Results of this experiment led to 
a fourth working hypothesis: 


(d) there is no measureable difference in the 
effect of having one and only one high level 
of BLUE, near RED, or far RED data on 
the quality of decision made by players. We 
infer from this that players can substitute 
one form of data for another and still 
extract the same amount of information 
(the actual information will be different but 
will lead to the same overall effectiveness of 
decision). 


Further analysis 


Subsequent analysis using results from more 
games confirms these hypotheses. Between- 
player variance is the largest contributor to the 
variance of results, as will be illustrated later. 
The effect of changing one data set from a low 
level to a high level is to improve the measure 
of the quality of decision by about 10-15%, 
which is the order of magnitude of the within- 
player variance. In retrospect, prior intelli- 
gence, which we subjectively felt was being 
ignored by players, seems to have had about 
twice the effect of the other data sets. Further 
experiments will be needed to confirm this and 





? A Latin square design is one in which each data combi- 
nation under investigation is played once by each player, 
and each data combination is played once in each scenario. 
A full description can be found in text books on experi- 
mental design for example CocHRAN & Cox (1960) Experi- 
mental Designs p. 117. Wiley, London. 


test whether the value of the prior data set lies 
in its content or in the fact that it is presented 
early in the game when players may be forming 
their initial ideas which then dominate their 
later reactions. 

At this point some stock-taking was necess- 
ary. We had played a series of games in which 
we had examined what we are advised are the 
upper and lower bounds of credibility, yet 
these changes had had only a relatively minor 
influence on the overall results. There seemed 
little point in going on to obtain more precise 
estimates of these minor influences. In the light 
of the evidence of large player variability, we 
made a radical change in direction in the sub- 
sequent experiments and set out to investigate 
the following questions. 


(a) Is there something in the game and the way 
it is controlled that is unnecessarily adding 
to player variation? 


(b) If massive variation between players is a 
fact of life, can the output of highly con- 
trolled games be improved by, for example, 
examining more than one decision point in 
each game? 


Improvements to game control 


The evidence from the first two experiments 
indicates that, if players are allowed to pace 
themselves, the faster the player the worse his 
results. Furthermore, each player is consistent 
in his style of play and conservative in the 
options he adopts. For example, players who 
opted for a counter-attack in their first game 
counter-attacked in their second and third. 
Players who split their reserves in a particular 
way in their first game did the same in the 
others. Players felt constrained by doctrine to 
move their reserves only at night for fear of air 
attack by day, even if they didn’t know where 
to move them and even when the penalty of 
moving by day was unspecified. Few players 
asked what the penalty might be. A proportion 
of players seemed to find difficulty in judging 
the dynamic problem of getting reserves, which 
might take 12 hours to move and prepare 
themselves to fight, to a location before it was 
overrun by RED. There are a number of artifi- 
cialities in the game that might heighten these 
difficulties. 
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The first is that a game, however good, can 
never quite be the real thing and this might 
affect player motivation. It seems that all that 
can be done is to make the game as realistic as 
possible and appeal to the players’ sense of 
professional pride. We reject absolutely the 
idea of financial inducements. Because of a 
worry that players may have been infected by 
the gradual relaxation that came over the ex- 
perimental team as the games became routine, 
the senior Army officer of the Establishment 
was asked to pay a snap visit to each player 
during his first game. (This is not the only 
Machiavellian trick that was played on our 
long suffering victims). 

The second artificiality is that with only one 
task to perform the player may find it difficult 
to maintain concentration. The suggestion as 
to how loss of concentration might be avoided 
originated in a recent game played elsewhere 
[3,4]. In that game a subsidiary task was 
introduced with the aim of providing an inde- 
pendent measure of players’ concentration. In 
our game the idea is to use a subsidiary task to 
keep players interested. This task has to appear 
to be relevant to the main task but in fact must 
not influence it. The periodic bidding for, and 
allocation of, air support for the ground troops 
was chosen as a suitable subsidiary task for our 
purpose. To introduce this subsidiary task in 
later games required few changes to be made. 
Basically players were left to surmise that what 
in fact were predetermined effects of air attacks 
were due to their own allocation. No player 
ever questioned this. 

The third artificiality is that allowing the 
players to play at their own speed may mean 
that, although they are not stressed by lack of 
time, they could find it difficult to make judge- 
ments about the relative passage of time within 
the game. They may also be in too much of a 
hurry to finish. To alleviate these problems we 
used the knowledge of how long the first set of 
players took to play the game to set a fixed 
ratio of game time to real time of 10:1 (con- 
siderably slower than the average). A fixed 
timescale means that data has to be fed to 
players in a continual stream. This required a 
considerable modification to the game as each 
data sheet had to be divided into a number 
of individual messages and fed to the player 
at appropriate, predetermined but irregular 
intervals. 
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The fourth artificiality is that a player is on 
his own in the game whereas in reality a com- 
mander has staff to talk to. This isolation could 
contribute towards the observation that 
players tended to be conservative in the range 
of options they reviewed and began favouring 
particular options rather early in the game. We 
therefore decided to try playing players in 
pairs. Our reading of some of the behavioural 
science literature led us to impose a hierarchi- 
cal structure on each pair at the beginning of 
the game series rather than let them sort out a 
way of working in committee. There is some 
evidence that unstructured committees may 
produce polarised behaviour which is either 
ultra-conservative or over-reckless. In any case, 
a hierarchy is more realistic. The Army List 
provides a clearly defined order of seniority for 
all Army officers. It is, therefore, an easy matter 
to choose the undisputed senior from any pair 
of players and give him ultimate responsibility 
for taking the decision in the game. The role of 
the subordinate player was left to the dis- 
cretion of the senior player. 

The results of a further series of games 
showed that the first three modifications dis- 
cussed above had no observable effect on the 
quality of decisions made by the players. But 
playing players in pairs did. Figure | is a scat- 
ter diagram of the results obtained from the 
basic game in scenario | using the two 
measures of quality described above. These 
results are for illustrative purposes and readers 
should not use them to draw any statistical 
conclusions; they have been adjusted so that 
they correspond to the same level of data. 
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Fic. 1. Quality of decision: basic and paired games 
compared in scenario |. 
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However, Fig. | does give a fair impression of 
the magnitude of the variation between players. 
Also marked on the figure are the results from 
three paired games. They appear better than 
the rest: Wilcoxon rank sum tests show that 
the difference is statistically significant at the 
1°% level. More interestingly, an examination of 
the other scenarios shows that for each pair the 
result from their first game was better than that 
from their second game, which in turn was 
better than that from their third. The chance of 
obtaining this pattern of results by pure 
chance, given the working hypothesis that 
there is no difference between scenarios, is | in 
216. Allowing for a two tailed test, on the 
assumption that an increase or decrease is 
equally unexpected, this result is statistically 
significant at the 1% level. So we conclude that 
paired players did better in their first game 
than single players, but that their performance 
dropped off steadily with each game played. 
Tape recording, followed by classification, of 
the conversation between members of a pair 
and direct observation of their behavioural 
patterns indicated something else. Each pair 
produced a different working relationship, 
though as can be seen in Fig. 1 each was of 
comparable effectiveness. But whatever re- 
lationship did develop, it did not appear to 
alter through the sequence of games, yet the 
results did. This suggests that observations of 
the interactions between players may bear little 
relationship to the quality of decisions made 
and are therefore of little use as indirect obser- 
vations of what is going on in the mind. The 
reader will no doubt hypothesise various 
reasons why such results should occur; we 
have as yet no experimental data to confirm or 
deny such hypotheses. 


Increasing 
games 


game _ efficiency—multi-decision 


We would argue that the type of highly con- 
trolled game we have devised is sufficiently re- 
alistic to provide an opportunity to establish a 
foundation of knowledge of human decision- 
taking based on quantitative, statistically valid, 
results. The method is simple, quick and cheap 
to develop and run, provided players are avail- 
able. But even so, the amount of painstaking 
analysis that needs to be done to resolve funda- 
mental questions is daunting, especially if the 
human factor is as variable as it seems. One 
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way in which it may be possible to extract 
more information from each game, without it 
becoming interactive and therefore compli- 
cated and uncontrollable, is to ask the player 
to say what decision he would have taken at 
various decision points in the game even 
though these decisions, unless they coincide 
with pre-determined scenario events, are not 
implemented; in other words to get the player 
to act as an adviser, or ‘intelligence man’, 
rather than decision-taker. The device or trick 
of making a player believe he is advising 
another player, remote from him, was first pro- 
posed by Sharp and Dando [5] as a way of 
leading players through a_ pre-determined 
sequence of situations whilst retaining their 
interest in a game in which their decisions are 
not necessarily implemented. We have played a 
series of games to test this ‘Intelligence Man’ 
concept and, in particular, to see whether the 
advice given by players coincided with the 
decisions they would have taken had they been 
in control. 

Players were told that they were to play two 
roles during the game and that at some point 
in each game their roles would be changed. In 
the first role, they were to give advice on the 
deployment, and any necessary redeployment, 
of reserves to a commander from whom they 
were physically separated. Advice from the 
player to the remote commander and the lat- 
ter’s replies were passed on a field telephone. 
To avoid the chance of a conversation develop- 
ing between them, a ‘watch keeper’ was inter- 
posed to relay messages between the remote 
commander and his end of the telephone. In 
fact watch keeper and remote commander were 
the same person, a member of the control 
team. The remote commander’s actions were 
completely preplanned but he needed the in- 
genuity of a human to concoct replies to the 
player. If advice coincided with the preplanned 
moves it was readily accepted; if it didn’t some 
neutral reply was given. Once or twice commu- 
nication breakdowns were engineered in order 
to delay, for as long as possible, the com- 
mander having to inform a somewhat tardy 
adviser that he had already deployed his 
reserves. In the second role, the player became 
the commander responsible for taking the deci- 
sions himself. The change in role from adviser 
to decision-taker, in the first “Intelligence Man’ 
game any player played, was made very early 
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in the battle before any threat pattern had 
emerged and before any advice could sensibly 
be given. Our initial hypothesis was that these 
games would be equivalent to the original 
game. In the second and third game the player 
was not made the commander until late in the 
game and after he had advised on an initial 
deployment. His job then was to decide upon 
any necessary redeployment following the de- 
ployment he inherited. 

To play this game the scenarios had to be 
extended to portray the particular deployment 
of reserves that was to be foisted on to the 
player. In order to present the player in these 
games with a genuine redeployment problem 
only half the reserves were committed to that 
part of the front facing the major attack, by 
Game Control, before the player shifted from 
the adviser to the commander role. In fact this 
deployment, which was intended to be poor, 
was in most cases better than that suggested by 
the player in his adviser role. This forced us to 
give the players additional data at the time 
when they changed role, which made any 
analysis of the secondary, redeployment, deci- 
sion difficult to interpret. 

The ‘Intelligence Man’ deception worked 
well. Most players were convinced that another 


officer was playing the commander, that he had 
more data at his disposal than they and that he 
was influenced to some degree by their advice. 
The results of what, on the face of it, are di- 
. rectly comparable games are shown in Fig. 2, 
which gives the scatter points for the results 
from scenario | of the basic games and the 
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Fic. 2. Quality of decision: basic and intelligence men games 
compared in scenario |. 
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senario | results from the ‘Intelligence Man’ 
series. A comparison of the quality of decision 
made by ‘Intelligence Men’ in their first game 
with the quality of the advice they gave in the 
remaining games, using Friedman’s test, shows 
no significant difference. We conclude that 
there appears to be no difference between the 
quality of advice given in the second and third 
game and the decision taken in the first game. 
In this respect, the ‘Intelligence Man’ concept 
seems to offer the possibility of finding out 
which decision a player might make without 
having to implement it. However, as can be 
seen in Fig. 2, the quality of the decisions taken 
by the players in the ‘Intelligence Man’ series 
of games is below average. Without any knowl- 
edge of the quality of the ‘Intelligence Man’ 
players, this difference is not sufficiently large 
to be significant. But the subjective view of the 
experimental team is that this was not a below- 
average group of players. It is possible, there- 
fore, that changing from the original game to 
the ‘Intelligence Man’ game has reduced the 
players’ performances. Until this is tested, the 
‘Intelligence Man’ concept must be treated 
with caution. 

Why should there be any reservations about 
this series of games when the nominal role 
played in the first game is identical to that 
played in the basic game? The problem is that 
the player may not perceive them as being 
identical. He may regard the ‘Intelligence Man’ 
game as less realistic or he may unload onto 
the believed existence of another player a share 
of the burden of responsibility for taking the 
decision. This raises a fundamental question: if 
role changes in games can influence results, 
how much more difference is there likely to be 
between the decisions made by players playing 
roles in games and decisions taken in reality? 

Since playing these games the concept of the 
Superior Commander game [3,4] has been 
proposed which would seem more suitable to 
our purpose and may get around some of the 
difficulties discussed above. To implement this 
concept the scenarios will have to be com- 
pletely rewritten; it has not yet been tried by us. 


CONCLUDING REMARKS 


To what extent the lack of direct experience 
amongst players detracts from, or modifies, the 
conclusions and comments that have been 
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drawn from the results is very much a subject 
for debate. It seems reasonable to assume that 
conclusions regarding the effect on results of 
changes in game control and structure are 
largely independent of whether or not players 
have direct experience of the role they are 
asked to play and, furthermore, should be inde- 
pendent of the particular context of the game. 
Future game designers are, therefore, advised: 


(a) to pay particular attention to the relation- 
ship between the degree of isolation of 
players in games and decision takers in 
reality; and 


(b) to be aware of the possibility that though 
nominal roles in games may, from the 
experimenter’s point of view, be identical, 
players’ perceptions of them may not be. 


As for evaluating the usefulness, or informa- 
tion content, of battlefield data flows, player 
experience would seem to be a relevant factor. 
The problem is that there are now few, if any, 
commanders with battle experience relevant to 
the decision we have investigated, though there 
are many with exercise (game) experience. Any 
battle experience that has been gained in the 
past has either been lost or incorporated into 
the doctrines taught to our players at Staff Col- 
lege and Training Schools. 

The influence of high data levels, in the con- 
text of our experiments can be summed up as 
follows: 


(a) high levels of data do improve performance 
for any individual player; 


(b) good prior intelligence seems to have the 
greatest effect on the player, and it could be 
that a player’s own prior inclinations and 
the effect of this early intelligence largely 
dominate his later reactions; 


whatever may be the correct interpretation 
of (b), there is no doubt that, for the players 
in our games, the wide spread of results im- 
plies that the later flows of data at high 
level do not have as great an influence on 
the overall quality of the ultimate decisions 
as some of us expected. The ‘poorer’ players 
with high data levels for all three sets of 
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later intelligence do no better than the ‘bet- 
ter’ players with nothing but low level data. 


Whether this observed degree of influence of 
high data levels on the quality of decision is 
symptomatic of players’ inability to make use 
of a potential source of information, or merely 
reflects the fact that high data levels can often 
be superfluous, is a question yet to be 
answered. Either way, it means that investment 
in theoretical ‘management information sys- 
tems’ in complex decision areas may well yield 
very disappointing returns. 

The work continues in an attempt to answer 
some of these questions of specific interest to 
Defence. But our early results have high- 
lighted problems in understanding decision- 
taking in general which are desperately in need 
of resolution. If, as operational researchers, we 
wish to continue to claim that we assist in the 
taking of decisions, then it is time that much 
more effort was devoted to scientific study of 
what sort of data actually influences a decision, 
and whether there is a level of detail beyond 
which the decision is not materially affected. 

Our task is not just to provide data, but to 
provide information for decision; yet, at 
present, we know all too little about the re- 
sponse to data and to their environment of the 
persons who take the decisions. Until we do, 
we cannot move on to resolve the more signifi- 
cant question of what tools we should be pro- 
viding in order to improve decision-taking 
though what exactly is meant by ‘improved’ in 
this context is by no means certain. 
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Many of the decision situations that arise in modern organizations are very complex. Conventional 
methods of decision analysis have only limited applicability in these situations. This paper describes 
a method that can be used as an aid to decision making in such situations where interactions between 
the parties involved are an important factor. The method is illustrated by reference to a recent 
situation in which there was competition between a number of participants with regard to the future 
of the firm of Simpsons Ltd of Toronto. The analysis described illustrates the application of a 
step-by-step procedure that can be used by participants in the analysis of such situations. 


INTRODUCTION 


COMPLEX DECISION situations arise with 
increasing frequency today in business and 
industry, in the communities in which we live 
and in our daily lives. A major characteristic of 
these situations is that they involve two or 
more participants with power to influence the 
outcome. Each of these participants has a 
range of objectives. Some of these objectives 
may be in conflict with those of the other par- 
ticipants. Each participant has a _ most- 
preferred outcome of the situation which will 
result in the greatest achievement of his or her 
objectives. Resolution of the decision situation 
takes place by a process of implicit or explicit 
negotiation between the participants [2]. The 
purpose of each of the participants in this 
negotiation is to persuade or coerce the others 
to accept the outcome that he or she most 
prefers. 

Conventional methods of decision analysis 
have only a limited applicability in these situ- 
ations [6, 7]. These methods can be used under 
some conditions by a participant to evaluate 


outcomes of a decision situation and to place 
them in an order of preference. However, no 
participant can be sure that a preferred out- 
come to a situation can be obtained by unila- 
teral action on his or her part alone. In many 
cases, the actual outcome of a decision situ- 
ation results from the combination of actions 
taken by the participants after some negotia- 
tion between them. In these circumstances, the 
model for decision analysis originally proposed 
by Simon needs to be amended to take account 
of the process of negotiation. 

Simon’s model consists of three phases: intel- 
ligence (or search for information); design of 
appropriate courses of action; and choice 
between them [8]. The amended model also 
consists of three phases which can be described 
as follows [3]: 


(i) information gathering. In which informa- 
tion related to the decision situation is 
gathered, as in the original model; 


(ii) analysis. In which possible future out- 
comes are studied and estimates of the 


421 





Radford, Fingerhut—Analysis of a Complex Decision Situation 


preferences of participants for these out- 
comes are made; 


interaction, In which implicit and/or expli- 
cit communication is established between 
the participants and information 
exchanged in an attempt to reach agree- 
ment regarding a mutually acceptable out- 
come. 


As in Simon’s original description, the boun- 
daries between the three phases are not rigidly 
defined. Nor are the activities in the phases 
necessarily undertaken in a rigorous sequence. 
In practical situations, many of the activities in 
the phases are often undertaken concurrently. 
Furthermore, resolution of a decision situation 
may require many iterations through some or 
all of these phases. During these iterations, the 


Participant A 





PARTNER are ahead 


continual flow of information to the partici- 
pants and the continuing interaction between 
them may lead to modification of their percep- 
tions of the situation and of their objectives, 
intentions and preferences. These modifications 
may be essential to the process of resolution of 
the decision situation. 

A pictorial representation of the process of 
resolution is shown in Fig. 1. In this diagram, 
the activities of a number of participants are 
combined. The analysis sessions of the various 
participants are shown by a vertical series of 
frames in each case. The input of information 
and perceptions from the participants’ indivi- 
dual information gathering activities is indi- 
cated by the arrow head to the left of each 
frame. From time to time, the participants 
communicate with one another concerning 
their perceptions of the problem or with regard 
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Fic. 1. Model of the process of resolution of a strategic decision situation. 
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to any actions or moves that they have decided 
to take as a result of their strategic analysis. 
This exchange of information is represented in 
Fig. 1 by boxes labelled ‘interaction’. Not all 
the participants are necessarily involved in any 
one exchange of information. For example, a 
participant may decide to communicate certain 
knowledge to only some of the participants 
that are known to him. Others may be deliber- 
ately excluded or their participation in the 
problem may be unknown to the initiator of 
the communication. In cases in which the 
information is imparted more widely, such as 
by a public statement, it may not be noticed by 
one or more of the participants, or it may be 
ignored. The parts of the diagram at the top 
and bottom of the page are shown dotted to 
indicate that the process is continuous. 

Descriptive analysis of a past decision situ- 
ation is of interest in investigating the applica- 
bility of a model of this sort to future occur- 
rences. It is the purpose of this paper to ana- 
lyze such a situation. The situation chosen is 
that surrounding the Simpsons/Simpsons- 
Sears merger proposal in late 1978 (The Tor- 
onto Globe and Mail, 16 December 1978). 


THE SIMPSONS/SIMPSONS-SEARS 
MERGER PROPOSAL 


In 1952, Sears Roebuck Incorporated of 
Chicago entered into an agreement with Simp- 
sons Limited of Toronto, a long-established 
firm operating a number of retail stores in 
Canada. The agreement provided for the estab- 
lishment of a new company to be named 
Simpsons-Sears Limited. This company was to 
operate a number of new retail stores across 
Canada and a catalogue sales department. 
Sears Roebuck and Simpsons Limited each 
took 41% of the equity interest and 50% of the 
voting interest in the new company. The 
remaining shares of the equity in the company 
were Offered to the general public. 

The new company opened a number of 
stores in major cities in the first ten years of its 
operation. These stores were located primarily 
in newly-built shopping plazas. They comple- 
mented rather than competed with the existing 
Simpsons stores, which were located mainly in 
the downtown areas of the cities at that time. 
The Simpsons-Sears stores followed the pat- 
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tern of the Sears stores in the US whereas 
Simpsons Limited concentrated on a more 
conservative form of merchandising. More 
recently, however, Simpsons built a number of 
stores in suburban shopping malls and the dif- 
ferences between the operations of the two sets 
of retail outlets has become much less. 

In October 1978, Sears Roebuck and Simp- 
sons announced that they were about to imple- 
ment a merger of Simpsons and their jointly 
owned subsidiary Simpsons/Sears. It was 
stated that this merger had been foreseen in the 
1952 agreement between the two companies. 
Simpsons’ shareholders were told that they 
would be given one share in the company 
resulting from the merger for each of their 
Simpsons shares. The price of Simpsons’ stock 
rose to the region of $7.50 which was compar- 
able to the quotation of Simpsons-—Sears at the 
time. Immediately after the announcement, it 
seemed that the merger would take place unim- 
peded. However, 2 weeks after the announce- 
ment and before the final date for acceptance 
of the merger offer by the shareholders, the 
Hudson Bay Company (generally known as 
The Bay), which has over 300 retail stores 
across Canada, announced an offer equivalent 
to $8.27 per share for all of the widely-held 
Simpsons shares. The offer was conditional 
upon 60% of the stock being tendered. After 
hearing of The Bay’s offer, the Simpsons man- 
agement issued a statement hinting that a more 
favorable offer for their shares might be forth- 
coming. At the same time, the newspapers car- 
ried reports that another large retail chain 
might make an offer that could be as high as 
$10 a share for the Simpsons stock. 

The situation was complicated by two other 
factors. The original merger proposal was 
equivalent to the acquisition by a US firm of a 
substantial proportion of a Canadian com- 
pany. The Federal Government of the time was 
dedicated to keeping as much as possible of 
Canadian business in Canadian hands. It had 
established a Foreign Investment Review 
Agency (FIRA) to consider such take-over bids. 
FIRA had the power to ask the courts to inter- 
vene to prevent take-overs of which it did not 
approve. However, the right of a newly-formed 
agency to rule on a merger that had been fore- 
seen as a possibility in the original agreement 
between Sears Roebuck and Simpsons Limited 
was open to question. 
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The second factor concerned restraint of 
trade, which is the subject of legislation in 
Canada as in most other countries. It might be 
argued by the government under that act that 
the acquisition of Simpsons Limited by The 
Bay would create a very large and possibly 
monopolistic retail operation. A condition of 
acceptance by the government of The Bay’s bid 
for Simpsons shares might therefore be that 
The Bay divest itself of the equity in Simpsons- 
Sears that it would acquire by control of Simp- 
sons Limited. By the 1952 agreement, it was 
required that this equity interest be offered first 
to Sears Roebuck. However, the assumption of 
this interest by Sears Roebuck might not be 
approved by the Foreign Investment Review 
Agency. 

The issue in this decision situation was the 
future of Simpsons Limited and Simpsons-— 
Sears. The merger of these two companies was 
perceived as an opportunity by some partici- 
pants and possibly as a threat by others. The 
participants were the four companies involved, 
the shareholders of Simpsons Limited, the 
Government of Canada and possibly another 
company that might enter the bidding for the 
Simpsons shares. The decision situation was in 
the external environment of all these partici- 
pants. There were undoubtedly linkages to 
other decision situations in the external and 
internal environments of some or all of the par- 
ticipants. 


PROCEDURE FOR ANALYSIS OF THE 
DECISION SITUATION 


The procedure for analysis of the strategic 
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structure of a decision situation consists of 
seven steps, which are listed in Table 1. This 
procedure is based on the original analysis of 
options technique [1], with minor modifica- 
tions that have been incorporated as a result of 
experience with its use [5]. The reader is 
referred to descriptions contained in these 
references for complete details of the analysis 
procedure. 


ANALYSIS OF THE SIMPSONS/ 
SIMPSONS-SEARS MERGER 
PROPOSAL 


The first step in the analysis procedure is to 
list the participants and their available courses 
of action. In a descriptive analysis of a past 
decision problem it is important to state the 
time to which this listing applies. In our case, 
the listing is shown in Table 2 for the time 
immediately after The Bay’s bid for the Simp- 
sons shares. Note that the coalition of Sears 
Roebuck and Simpsons is shown as a separate 
participant in this Table. This is justified by the 
fact that only the two firms acting in conjunc- 
tion had the capability of proposing and enact- 
ing the merger. The individual firms each had 
only the alternatives of supporting the coali- 
tion or not. 

A range of possible present and future situ- 
ations can be represented by combinations of 
courses of action selected by the participants. 
Each of these situations can be represented by 
a column in which Yes (or 1) indicates that a 
course of action is taken and No (or 0) that it is 
not. For example, the situation of The Bay’s 
bid can be appreciated by reading down one or 


TABLE |. THE MODIFIED ANALYSIS OF OPTIONS PROCEDURE 





List the participants and their available courses of action; 
Indicate the participant from whose point of view the analysis 
is to be conducted; 

Choose the scenario to be analyzed; 

Consider improvements from the chosen scenario that may be 
available to the participant considered: if no improvements 
can be found, return to Step 2; 

Determine-courses of action by other participants that may be 
supportive of the improvements in Step 4; 

Consider courses of action by other participants that may de- 
ter the participant from attempting to achieve the improve- 
ments (i.e. sanctions by other participants). If the sanctions are 
inescapable, return to Step 2; 

Determine outcomes that can be achieved irrespective of the 
actions of other participants (i.e. guaranteed improvements): 
return to Step 2 and repeat for other participants and 
scenarios. 
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TABLE 2. SIMPSONS/SIMPSONS—SEARS MERGER PROPOSAL DECISION SITUATION 





Participants 


Available courses of action 


Situation after 
publication of 
The Bay’s bid 





Sears/Roebuck 
Simpsons Coalition Raise offer 
Enact merger 
Sears Roebuck 
Simpsons 
The Bay 

Raise offer 
Another Company 
Simpsons’ 
Shareholders 


Federal 
Government 


Propose merger 


Support coalition 
Support coalition 
Offer $8.27 per share 


Offer more than $8.27 per share 

Accept Sears Roebuck/ 
Simpsons offer 

Accept The Bay’s offer 

Accept another offer 

Forbid merger under foreign 
investment policy 


ocoocoo37-}.}-oOoOo- 


ooo 


Invoke anti-monopoly 


legislation 





other of the columns to the right of Table 2. 
Taking note of the Yes’ and No’s while reading 
down, the situation is seen to be one in which 
the Sears Roebuck/Simpsons coalition has pro- 
posed the merger, The Bay has made an offer 
equivalent to $8.27 per share for Simpsons 
stock, the Simpsons’ shareholders have not as 
yet accepted any offer and no other participant 
has yet taken any other of its available courses 


of action. The task of each of the participants 
in this decision situation is to determine the 


outcome or outcomes that they perceive to be 
to their greatest advantage and to devise means 
of persuading the other participants to proceed 
to that outcome. 

Step 2 of the procedure requires that a par- 
ticular participant be chosen for first consider- 
ation and Step 3 requires that a particular sce- 
nario be chosen for analysis. In our analysis, 
the coalition of Sears Roebuck and Simpsons 
acting together in the merger proposal is 
chosen as the first participant to be considered. 
The situation immediately following the publi- 
cation of the The Bay’s offer for Simpsons 
shares is the scenario to be analyzed. The next 
step in the analysis is to record what might be 
regarded by the particular participant as an 
improvement to the scenario chosen for analy- 
sis. The results of this step are shown in 
Table 3. 

The coalition is seen in this table to have 
three courses of action, each of which it can 
take or not. If a course of action is taken, this 
is indicated by a 1: if the course of action is not 


taken, a 0 is shown. Considering the coalition’s 
courses of action alone for the moment, it can 
be appreciated that there are eight (2°) combi- 
nations of taking or not taking these actions. 
One such combination is shown as the scenario 
chosen for analysis in Column 2 (the scenarios 
after The Bay’s bid). Two other combinations 
are shown in Columns 3 and 4 as judged to be 
not preferred by the coalition with respect to 
the scenario in Column 2. Column 3 indicates 
that the coalition does not prefer withdrawal of 
the merger proposal. Column 4 records that 
the coalition does not prefer to raise its offer if 
the merger is not enacted. 

Certain combinations of courses of action 
indicated by the columns in Table 3 are infeas- 
ible. For example, in Column 6 it is recorded 
as infeasible to raise the offer without propos- 
ing or enacting the merger. This observation is 
trivial, but it is important to eliminate infeas- 
ible scenarios from further consideration by 
formally recording them in this manner. 
Column 5 records that it is infeasible to enact 
the merger without first proposing it. Note that 
this would be true whether or not the offer 
were raised. The ‘whether or not’ condition is 
indicated by a hyphen (thus -). Column 5 there- 
fore represents two scenarios as infeasible; 
namely, enacting the merger without proposing 
it whether or not the offer is raised. 

Scenarios judged to be preferred by the co- 
alition to that in Column 2 are shown to the 
left of the situation represented by that column. 
Column | indicates that the coalition prefers to 
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TABLE 3. IMPROVEMENTS FROM THE INITIAL SCENARIO FOR THE SEARS ROEBUCK/SIMPSONS (S R/S) COALITION (ROUND 1) 
(FROM THE POINT OF VIEW OF THE S R/S COALITION) 





Not preferred 
by the S R/S 
coalition 


Infeasible 
scenarios 


Scenario after 
The Bay’s bid 


Preferred by the 


Participants Available courses of action S R/S coalition 





(read down the columns) 


Sears Roebuck/ 
Simpsons Coalition 


Propose merger 
Raise offer 

Enact merger 
Support coalition 
Support coalition 
Offer $8-27 per share 


Sears Roebuck 
Simpsons 
The Bay 


Simpsons’ 
shareholders 


Accept Sears Roebuck 
Simpsons offer 

Accept The Bay’s offer 

Accept another offer 

Forbid merger under 
foreign investment policy 

Invoke anti-monopoly 
legislation 


Federal 
Government 


1 


1 
1 
l 





Column number 





Note: As in Table 2, situations can be appreciated by reading down the columns. 
A ‘I’ means that a course of action is taken and a ‘0’ that it is not. 
A hyphen (thus -) is interpreted as 1 or 0 i.e. whether or not the course of action is taken. 


propose and enact the merger whether or not 
the offer is raised. This preferred scenario is 
completed by filling out the appropriate 
courses of action of the other participants. 
Reading down the column, support for the co- 
alition from both Sears Roebuck and Simpsons 
is seen as a necessary supportive move to the 
preferred scenario. Acceptance of the coalition 
offer by the Simpsons’ Shareholders (and re- 
fusal of other offers) is also seen as a supportive 
move (Step 5 in the analysis). In a similar fash- 
ion, the table indicates that the S R/S coalition 
regards invoking of anti-monopoly legislation 
by the government as a supportive move, 
because it thinks that this might act against a 
successful bid for the Simpsons shares by 
another company of The Bay. Refusal by the 
government to forbid the merger under the 
foreign investment policy is an additional move 
supportive to the S R/S coalition improvement. 
No entries are shown in Column 1 against The 
Bay and Another Company because actions by 
these companies are irrelevant if the coali- 
tions’s offer has been accepted by the share- 
holders and the merger enacted. 

The coalition cannot however be sure that it 
can achieve the improvement indicated in 
Column 1 of Table 3. The next step in the 
analysis consists of estimating courses of action 


that might be taken by other participants that 
would prevent the coalition from achieving its 
desired outcome or that might deter the coali- 
tion from attempting to achieve it. Such 
actions by other participants (and combina- 
tions of them) are called sanctions. Sanctions 
against the improvement shown in Column 1 
of Table 3 for the S R/S coalition are indicated 
in Table 4. The sanction shown in Column 3 is 
by the Simpsons shareholders acting in con- 
junction with The Bay. It consists of The Bay 
offering $8.27 per share and the shareholders 
accepting it. That in Column 4 is by the Simp- 
sons shareholders and another company. A 
sanction by the Federal Government in the 
form of forbidding the merger under the 
foreign investment policy is shown in Column 
5 of Table 4. The sanctions and supporting 
moves in the analysis are shown in alternate 
form in Table 5. 

Tables showing improvements for and sanc- 
tions against each of the other participants in 
the decision situation can be constructed in the 
same manner as was employed for Tables 3 
and 4. Improvements for The Bay, for example, 
are concerned with the shareholders accepting 
the existing offer of $8.27 a share or a higher 
bid by the company and the Federal Govern- 
ment forbidding the merger under its foreign 
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TABLE 4. SANCTIONS AGAINST IMPROVEMENTS FOR THE S R/S COALITION (ROUND 1) 





Preferred by the 
S R/S Coalition 


Participants Available courses of action 


Scenario after 
The Bay’s bid 


Sanctions against 
the S R/S coalition 





Sears Roebuck/ 
Simpsons Coalition 


Propose merger 

Raise offer 

Enact merger 

Support coalition 

Support coalition 

Offer $8.27 per share 

Raise offer 

Offer more than $8.27 
per share 

Accept Sears Roebuck/ 
Simpsons offer 

Accept The Bay’s offer 

Accept another offer 

Forbid merger under foreign 
investment policy 

Invoke anti-monopoly 
legislation 


Sears Roebuck 
Simpsons 
The Bay 


Another Company 
Simpsons’ Share- 


holders 


Federal 
Government 


coo~rr eK OO 


o 


ooo 





Column number 





Note: For an interpretation of the symbols, see Table 3. 


investment policy. Specific sanctions against 
The Bay consist of a higher offer by the S R/S 
coalition or by another company or action by 
the Federal Government to invoke anti- 
monopoly legislation to prevent the take-over 
of the Simpsons company. 

Tables 3 and 4 and the above considerations 


describe conditions in what might be called the 
first ‘round’ of the decision situation; that is, 
the first set of information gathering and analy- 
sis by the participants and the first interaction 


between them. This first round can be thought 
of as one sequence of phases in the continuing 
decision process depicted in the diagram 
shown in Fig. 1. After the first interaction, the 
participants each consider the next move. We 
can imagine them each holding their own stra- 
tegy meetings, in which matters such as the 
force and credibility of sanctions and tactics 
and courses of action to be employed in the 
next ‘round’ were discussed. In the actual 
event, two of the participants announced 


TABLE 5. IMPROVEMENTS FOR SEARS ROEBUCK/SIMPSONS COALITION AND SANCTIONS BY 
OTHER PARTICIPANTS (ROUND 1) 





Participants 


Available courses of action 


Improvement Moves 
for by other 
coalition participants 





S R/S 
Coalition 


Propose merger 

Raise offer 

Enact merger 

Support coalition 

Support coalition 

Offer $8.27 per share 

Raise offer 

Offer more than $8.27 
per share 


Sears Roebuck 
Simpsons 
The Bay 


Another 

Company 

Simpsons’ 

Shareholders offer 

Accept The Bay’s offer 

Accept another offer 

Federal 

Government review 

Invoke anti-monopoly 
legislation 


Accept Sears Roebuck/Simpsons 


Initiate Foreign Investment 


Yes 

No 

Yes 
Necessary 
Necessary 
Sanction 
Sanction 
Sanction 


Supporting 
Sanction 


Sanction 
Sanction 


Supporting 
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TABLE 6. THE SCENARIO IN ROUND 3 OF THE SIMPSONS/SIMPSONS SEARS MERGER 
DECISION SITUATION 





Participants 


Available courses of action 


Scenario in Round 3 





Sears Roebuck/ 
Simpsons Coalition 


Propose merger 
Raise offer 
Enact merger 
Sears Roebuck 
Simpsons 
The Bay 

Raise offer 
Another Company 
Simpsons’ 


Shareholders coalition offer 


Accept The Bay’s offer 
Accept another offer 


Support coalition 
Support coalition 
Offer $8.27 per share 


Offer more than $8.27 per share 
Accept Sears Roebuck/Simpsons 


oo ooorn}--o-- 





Note: The Scenario is appreciated by reading down the column. 
A ‘1’ indicates that a course of action is taken and a ‘0’ that it is not. 


actions a short period of time after round 1 
that altered the structure of the decision situ- 
ation. The Federal Government said that it 
would not oppose the proposed merger, nor 
would it invoke anti-monopoly legislation to 
prevent a take over of Simpsons by The Bay. It 
therefore effectively dropped out of the deci- 
sion situation as a participant. The Sears 
Roebuck/Simpsons coalition announced an 
‘improved’ offer to the Simpsons shareholders, 
which was said to be equal or better than the 


offer made by The Bay. 

The second ‘round’ of the decision situation 
can be analyzed in much the same way as the 
first. Improvements for the S-R/S coalition and 
for The Bay depend upon acceptance of their 


offers by the Simpsons shareholders, who are 
seen to hold most of the power in the decision 
situation at this point. Most of the activity in 
the interaction phase of this round was concen- 
trated on efforts to persuade the shareholders 
of the superiority of one or other of the bids for 
their shares. 

A third round was initiated by the an- 
nouncement by Simpsons Limited that it 
would distribute to its shareholders as a divi- 
dend the greatest part of its shares in 
Simpsons-Sears. This move was apparently 
made in agreement with Sears Roebuck in an 
attempt to place the Simpsons—Sears shares 
beyond the control of The Bay in the event 
that its take-over bid was successful. The Bay 


TABLE 7. IMPROVEMENTS FOR SEARS ROEBUCK AND THE BAY AFTER ROUND 3 OF THE MERGER DECISION SITUATION 





Preferred by 
Sears Roebuck by The Bay 


Participants Available courses of action 


Sanctions against 
the improvement 
for the Bay 


Scenario 
in round 3 


Preferred 





Sears Roebuck 
Simpsons Coalition 


Propose merger 

Raise offer 

Enact merger 

Support coalition 

Support coalition 

Offer $8.27 per share 

Raise offer 

Offer more than $8.27 per share 

Accept Sears Roebuck/Simpsons 
coalition offer 

Accept The Bay’s offer 

Accept another offer 


Sears Roebuck 
Simpsons 
The Bay 


Another Company 
Simpsons’ 
Shareholders 


coorrr Ore 





Column number 





Note: For an interpretation of the symbols, see Table 3. 
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promptly modified its offer to allow Simpsons 
shareholders to submit their Simpsons—Sears 
shares received as a dividend along with the 
Simpsons shares tendered in response to its 
offer. A further complication occurred when 
the Montreal and Toronto Stock Exchanges 
called a halt in trading of Simpsons and 
Simpsons-Sears shares because of a violation 
by Simpsons of the regulations concerning 
notification of dividends. The situation at this 
point is shown in Table 6. 

The reasons behind the events that followed 
are not part of the public record. It is signifi- 
cant that the move by Simpsons to distribute 
its Simpsons—Sears shares to its shareholders 
left Sears Roebuck as the majority shareholder 
in the firm that had been jointly owned prior 
to the merger proposal. One can only speculate 
that the Sears Roebuck management judged it 
to be more to their advantage to withdraw 
from the coalition after the distribution of the 
Simpsons-Sears shares. The improvement for 
Sears Roebuck from the scenario shown in 
Table 6 is indicated in Column 1 of Table 7. 

No specific sanctions are apparent against 
the improvement for Sears Roebuck. The break 
up of the coalition left the way clear for The 
Bay to obtain the improvement represented by 
Column 2 of Table 7. The only sanctions 
against this improvement (shown in Columns 4 
and 5 of the table) did not materialize. The Bay 
obtained control of Simpsons Limited when 
more than 60% of the Simpsons shareholders 
tendered their shares in response to The Bay’s 
offer. 

The strategic structure of this decision situ- 
ation is illustrated in Fig. 2. The first round is 
shown in the lefthand side of the diagram. In 
this round, the improvement for the S R/S co- 
alition (acceptance of the merger proposal by 
the Simpsons shareholders) is shown as subject 
to a credible and forceful sanction by The Bay 
and the shareholders. The improved offer by 
the coalition is sanctioned in similar fashion in 
Round 2. Distribution of the Simpsons—Sears 
shares is seen in the right hand side of the dia- 
gram to lead to the break-up of the coalition 
and a guaranteed improvement, control of 
Simpsons Sears Ltd, for Sears Roebuck in 
Round 3. The break-up of the coalition also 
provides a guaranteed improvement (Step 7) 
for The Bay in the form of acceptance by the 
Simpsons shareholders of their take-over bid. 
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COMMENT 


The descriptive analysis of the Simpsons/ 


Simpsons-Sears merger proposal is interesting 
in that: 


(i) it illustrates the application of the step-by- 
step procedure in the analysis of a strate- 
gic decision situation; 


it demonstrates the role of coalitions of 
participants in such decision situations 
and, in particular, the effect of the break 
up of a coalition; 


it illustrates the ‘round-by-round’ process 
of resolution of a strategic decision situ- 
ation depicted in Fig. 1. 


Nevertheless, the analysis was conducted after 
the fact and with all the benefits of hindsight 
derived from the record of events. 

The key question which must be left for 
further investigation and consideration is 
whether the analysis techniques that have been 
described are useful in a prescriptive mode to 
those involved in a complex decision situation 
as it unfolds. Certainly, the procedure de- 
scribed here can be used as a structured 
approach to the consideration of these decision 
situations [4,5]. It cannot however define a 
uniquely ‘best’ solution to the problems 
encountered because such solutions are gener- 
ally outside the realm of possibility in situ- 
ations involving uncertainty and participants 
with conflicting interests and objectives. A 
major advantage of the procedure is that it 
allows the interaction between participants to 
be studied in a manner more convenient than 
many other decision making methods and in a 
more structured fashion than in most scenario 
writing techniques. Some persons may judge 
these characteristics helpful and others may 
not. Many will however find that the procedure 
provides assurance to a participant that all 
aspects of a situation as it is perceived have 
been investigated before courses of action are 
chosen. As such, the method acts as a valuable 
support to the use of human experience and 
intuition in the resolution of complex decision 
problems. 
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Research on production systems design has in recent years tended to concentrate on ‘software’ 
factors such as organisational aspects, work design, and the planning of the production operations. 
In contrast, relatively little attention has been paid to maximising the contributions made by fixed 
assets, particularly machines and equipment. However, as the cost of unproductive machine time has 
increased, reliability, particularly of machine tools, has become ever more important. Reliability 
theory and research has traditionally been based in the main on electrical and electronic equipment 
whereas mechanical devices, especially machine tools, have not received sufficiently objective treat- 
ment. A recently completed research project has considered the reliability of machine tools by 
taking sample surveys of purchasers, maintainers and manufacturers. Breakdown data were also 
collected from a number of engineering companies and analysed using both manual and computer 
techniques. Results obtained have provided an indication of those factors most likely to influence 
reliability and which in turn could lead to improved design and selection of machine tool systems. 
Statistical analysis of long-term field data has revealed patterns of trends of failure which could help 
in the design of more meaningful maintenance schemes. 


INTRODUCTION and manufacturer can be approached by 


‘planned maintenance theory’ and ‘reliability 


TODAY’S REQUIREMENTS for items of pro- 
duction equipment include not just the more 
traditional technical features of speed, capacity, 
accuracy etc., but also ‘economic’ features such 
as availability, maintainability and reliability. 

Designers and manufacturers of such equip- 
ment are therefore faced with the task of 
attempting to optimise all of the above criteria 
while still surviving in a highly competitive 
market place. At the same time, users of this 
highly complex equipment must maximise the 
return of their investment and are faced with 
the problem of deciding on the optimum level 
of maintenance which will minimise the total 
cost of ownership. 

The problems faced by the equipment user 
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theory’. 

Planned maintenance is broadly defined as 
‘maintenance work organised with forethought, 
control and records’ [6], and the claim is that 
the more planned maintenance is done the less 
corrective maintenance will be necessary until 
an optimum level is reached that will minimise 
the total maintenance costs. 

Reliability theory stems from work done in 
the late 1940s and early 1950s to improve the 
performance of airborne radio equipment, par- 
ticularly in military situations [4]. However. 
most of the applications to date have been in 
the area of electronic systems whereas indus- 
trial machines, being for a large part mechan- 
ical and hydraulic in nature, have not received 
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the same degree of attention and very little 
published material therefore relates to the re- 
liability of such equipment. 


THE RESEARCH PROGRAMME 


A programme of research extending over a 
number of years has been conducted to investi- 
gate both planned maintenance and reliability 
aspects of production equipment performance. 
The equipment studied was restricted in the 
main to metal-working machine tools but the 
approach could be universally applied in all 
areas of electro/mechanical/hydraulic (or pneu- 
matic) equipment. 

The research was wide ranging, centering ini- 
tially on the users of machine tools. Surveys 
were conducted to gain information relating to 
the purchase and maintenance of machines 
while, later, a large part of the project com- 
prised the analysis of breakdown data collected 
from a number of engineering companies. Dur- 
ing the latter stages of the project a survey was 
conducted among machine manufacturers to 
determine how inherent reliability is built into 
their products and to reconcile this with the 
findings of the earlier stages of the project. 

The approach to the research was deliber- 
ately to gather information firstly from users 
and then from manufacturers since it was felt 
that this would give the least distorted view of 
the situation. 


THE USERS’ VIEW OF RELIABILITY 


Before most machines are purchased, a 
deliberate decision must have been made to 
choose a particular machine from a number of 
possible alternatives. To determine therefore to 
what extent users took account of reliability 
and maintenance during investment appraisal, 
a questionnaire was completed by production 
directors and chief production engineers in a 
sample of manufacturing companies, mainly in 
the UK industrial Midlands. 

Significantly, the vast majority of respon- 
dents (93%) felt that they took reliability into 
account in their appraisal of machines. How- 
ever, in no case did any company use anything 
other than simple subjective judgement of re- 
liability factors. 

This is difficult to reconcile with the fact that 
36% of the companies claimed to base their 
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choice of purchase primarily on cost criteria. 
When one considers that a company’s annual 
cost of maintenance can often equal its expen- 
diture on capital equipment, an accurate quan- 
titative assessment of reliability and mainten- 
ance costs can mean the difference between a 
profitable or loss-making investment. 

A further survey of users, this time involving 
maintenance personnel, was intended to deter- 
mine what type of records were kept of main- 
tenance and breakdowns and to ascertain to 
what degree such records were used as an input 
to planned maintenance systems. 

The use of computers in maintenance was 
found to be very limited. Of the responding 
companies 15% maintained a computer record 
of the plant register and only 7% kept a com- 
puter file of maintenance records; yet 67% of 
the companies relied on a computer in other 
areas such as finance, production control etc. 

Almost 75% of the companies claimed to 
have some form of planned or preventive main- 
tenance system in operation. Mainly, however, 
these systems were restricted to regular lubrica- 
tion and, to a lesser extent inspections and 
overhauls. Only one company operated a 
policy of routine parts replacement while 30% 
claimed to use ‘condition monitoring’; however 
this term is really a generic one and it is un- 
likely that such a large proportion of compa- 
nies used the sophisticated techniques normally 
associated with this form of maintenance. 

When asked about record keeping, 75% of 
the companies said they kept maintenance 
records of one type or another. Of these, 90% 
used manual record systems and the type and 
extent of records kept varied enormously. 
Record keeping is an essential prerequisite to 
calculating optimum maintenance activity but 
the type of analysis that is necessary would 
require levels of data handling which could 
only be carried out by computer. Therefore the 
use of recorded data for planning preventive 
maintenance which was claimed by 56% of 
firms must, by necessity, be limited. 


PLANNED MAINTENANCE 
THEORY AND PRACTICE 


Minimising maintenance costs 


Planned (or preventive) maintenance can 
either take the form of planned replacement of 
components or periodic inspections and correc- 





Omega, Vol. 8, No. 4 


tive actions. The case for planned maintenance 
can be demonstrated by consideration of the 
three costs associated with maintenance ac- 
tivity, these being: 


(a) preventive maintenance costs—incurred in 
work done to ensure that an item is avail- 
able in working order when it is required. 


(b) corrective maintenance costs—incurred in 
restoring an unserviceable item to an ac- 
ceptable condition. 


(c) indirect maintenance costs—incurred 
through reductions in machine efficiency 
and loss of output due to breakdowns. 


The optimum level of preventive mainten- 
ance is therefore that level which minimises the 
sum of these costs (Fig. 1). Although such a 
diagrammatic representation of costs is only 
conceptual, it is often reproduced in the litera- 
ture. Moreover, the experience of a large firm 
of consultants working in the field of industrial 
maintenance is that an optimum level can 
sometimes be determined if the marketing and 
production situations are sufficiently stable and 
definable. The question of total cost sensitivity 
near the optimum is also of some importance 
but, again, experience has shown that the idea 
of an optimum is only valid once the mainten- 
ance effort reaches a high level. The planned 
maintenance activity. being considered by most 
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manufacturers would normally fall far short of 
such a level. 


Planned replacement 


Looking at planned or preventive replace- 
ment, two essential preconditions are necessary 


before preventive replacement action is justi- 
fied [7]: 


(a) the total cost of replacement must be 
greater after failure than before (otherwise 
there is no economic advantage in replacing 
before failure). 


(b) the failure rate of the equipment must be 
increasing (in order that the replacement 
action reduces the probability of failure in 
the future). 


The proof that the first precondition has 
been met is usually axiomatic since it may be 
assumed that failure can cause further damage 
to the equipment and unplanned downtime is 
more expensive than time spent on preventive 
maintenance. 

However, there appears to be little published 
evidence in the case of mechanical or hybrid 
systems to confirm that failure rate increases 
with time. The major research on machine tool 
reliability conducted in the UK by the 
Machine Tool Industry Research Association 
[8,10] did not take operating time into 
account in the analysis of failures, while studies 
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Fic. 1. Determination of optimum level of preventive maintenance. 
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of numerical control systems conducted in the 
USSR [11] had identified a running-in period 
during which failure rate decreased followed by 
a period of constant failure rate. 

A further phase of the research project 
attempted therefore, by collection and analysis 
of field data, to identify failure rate patterns 
and trends for machine tool systems and sub- 
systems. 

Initially, however, rather than select a class 
of general purpose machine from which to 
gather data, a group of special purpose screw- 
making machines was used. The fourteen 
machines selected were all of near identical 
type and located in the factory of a large fast- 
ener manufacturer in Birmingham. Details of 
failure were available for the six year period 
from original installation which could be 
classified at a system level as being of a mech- 
anical, electrical, or hydraulic nature. Regular 
lubrication was the only form of planned main- 
tenance applied to the machines. The signifi- 
cant feature of the machines to the research 
was that they were not subject to the same 
variations in usage and operating conditions as 
general purpose machines and were operated 
at much faster cycles (the production rate was 
220 screws per minute on the particular 
machines selected). The data gathered therefore 
closely approximated accelerated life-testing 
under controlled laboratory conditions. 


4b 
Failure rate se 


(failures per 
machine per 
period ) 





Bennett, Jenney—Reliability 


The shape of the failure rate function was 
found by plotting cumulative frequency of fail- 
ure against operating period (months) using 
Weibull plotting paper [12]. 

Failures of all types, when plotted, gave a 
value for the Weibull shaping constant, B. of 
1.0 indicating that the failure density followed 
the negative exponential distribution, i.e. fail- 
ure rate was constant or random. Similarly, the 
plot for mechanical failures also gave a B value 
of 1.0, also indicating a constant failure rate. 
However, the plot for electrical failures gave a 
B value of 0.7, indicating that the electrical sys- 
tem of these particular machines had a decreas- 
ing failure rate (Fig. 2). 

In the case of hydraulic failures, both the 
Weibull plot and a graph of the cumulative 
sum of errors (CUSUM) revealed a distribu- 
tion comprising two distinct phases. Further 
analysis showed that the shaping constant, B, 
was 1.0 from period 0 to 24 (the first 2 years) 
while from period 25 onwards B was 2.0. This 
shows again that, for the hydraulic system, ran- 
domness occurred during the early operating 
period but a wear out phase occurred (where 
failure rate increased) after the first 2 years 
(Fig. 3). 

These results question the validity of apply- 
ing planned replacement to all systems for 
these particular machines, it only appearing 
justified in the case of the hydraulic system and 
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Fic. 3. Hydraulic System—failure rate trend. 


even then only after the initial period where 
failure rate was constant. Planned replacement 
applied to the mechanical system would prob- 
ably be ineffective since it would have no effect 
on the random pattern of failure, while with 
the electrical system it might even do more 


harm than good [1]. 

These results however, apply only to the 
major machine systems; the validity of replac- 
ing individual components within the system 
could still be investigated. This would require 
- analyses to be carried out at a component level 
in order to determine whether an underlying 
wear-out pattern of components existed within 
the general trend of failure of the wider system. 


Generalisation of results relating to planned re- 
placement 


In an attempt to generalise the above find- 
ings for other classes of machine, a further 
phase of the research involved the collection 
and analysis of data from one hundred 
machines of a more general type (boring and 
turning machines with various types of control 
system). The breakdown data for each machine 
related to one year of operation, the machines 
being of widely differing ages. Analysis was car- 
ried out using the SPSS statistical package [9]. 

The SPSS contingency table subprogram, 
which uses joint frequency distributions to de- 
termine whether variables are statistically 
dependent, revealed a strong dependency 


between incidence of hydraulic failures and 
wear, while significantly more electrical failures 
were due to misalignment and vibration. 

Wear is signified by increasing failure rate 
while failures due to misalignment etc, reduce 
as machines are ‘run-in’. The deduction, there- 
fore, is that the relationship between the trend 
of failure rate and type of system is the same in 
the general machine case as it was for the 
screw-making machines. Moreover, correlation 
analysis (using the SPSS Pearson product 
moment coefficient) also provided some further 
evidence to support this conclusion. In particu- 
lar, the incidence of electrical failure was nega- 
tively correlated with age while incidence of 
both mechanical and hydraulic failure was 
positively correlated with age (the dependency 
being stronger for hydraulic failures than for 
mechanical). 

More data on specific machines, however, 
would be required to support any hypotheses 
relating to general trends in failure rate with a 
high degree of confidence. 


Inspections and on-condition maintenance 


In situations where the validity of planned 
replacement of components or systems cannot 
be justified there is still, however, the possibi- 
lity of carrying out planned inspections and 
corrective actions. Such preventive mainten- 
ance activity is claimed to be appropriate even 
in the case where system failure rate is con- 
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stant, the objective being to identify potential 
component failures and to subsequently reduce 
the overall failure rate. This process is based on 
the ability to detect components which are sub- 
ject to wear, and their replacement or repair 
prior to failure. Optimum inspection frequen- 
cies can be determined that will minimise total 
costs or maximise profit [7]. 

Alternatively, as a corollary to routine in- 
spections, the more sophisticated automatic 
prognosis techniques of ‘condition monitoring’ 
[5] may be appropriate when it is more desir- 
able to continuously assess component con- 
dition. However, the relatively high cost of 
monitoring devices at the present time puts it 
outside the scope of most items of general pur- 
pose production equipment. Moreover, neither 
this nor other forms of preventive maintenance 
can entirely replace the important need to im- 
prove the inherent reliability of machines 
which can only be derived via their design and 
manufacture. 


FACTORS AFFECTING 
INHERENT RELIABILITY 


Consideration of relevant variables 


Users of machines are concerned with one of 
the following three criteria: 


reliability—a measure of how frequently an 
item breaks down; 

maintainability—a measure of the ease by 
which an item can be repaired; 

availability—a measure of the amount of time 
an item is available for use. 


The analytical approach to reliability engin- 
eering would investigate the performance of 
individual components and seek to gain an 
overall improvement in these reliability criteria 
via the improvement of the constituent parts. 
However, in this particular research project a 
much wider view was taken in order to deter- 
mine the broader factors on which reliability is 
dependent. 

The SPSS analysis described previously was 
therefore extended to include such relevant 
variables as machine type, time between break- 
downs, repair time and reasons for failure as 
well as type of failure (i.e. mechanical, electrical 
or hydraulic). Thus, a number of important 
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factors and relationships could be determined 
on which broad design consideration could be 
based. 


Importance of sub-systems 


Firstly, using the descriptive statistics sub- 
program, a simple frequency count of break- 
downs according to type revealed that mechan- 
ical failures represented 42.8%, electrical 49.9%, 
and hydraulic 7.3% of the total number of 
breakdowns. However, the average time taken 
to repair electrical failures was 3.23 hr while 
mechanical failures took 5.90 hr and hydraulic 
6.29 hr. In terms of unavailable time, therefore, 
mechanical failures actually represent 55%, 
electrical 35% and hydraulic 10%. Therefore, in 
situations where reliability is of importance 
electrical failures are most significant while if 
the important criteria is availability then mech- 
anical and hydraulic failures become more sig- 
nificant. 


The effect of complexity 


The one hundred machines were categorised 
by complexity such that the least complex were 
those controlled manually while of  inter- 
mediate complexity were those having auto- 
matic control and the most complex were those 
with programmable control (numerically con- 
trolled machines). The descriptive statistics 
sub-program computed repair time values of 
3.6hr for the manual types, 4.5 hr for those 
with automatic control and 5.4hr for those 
with programmable control. Therefore as the 
machines increased in complexity they became 
less maintainable. 

This direct relationship did not exist in the 
case of reliability. It had been expected that 
more complex machines would also be less re- 
liable but the mean time between breakdowns 
for manual machines was 9.3 days, for auto- 
matic machines 21.3 days and for programm- 
able machines 3.9 days. 

It appears, therefore, that rather than being 
dependent on complexity, reliability is 
influenced by the way in which a machine is 
operated. Automatic machines, being run unin- 
terruptedly for long periods between set-ups, 
appear to exhibit higher reliability than the 
manually controlled machines which operate 
on the basis of shorter runs and smaller 
batches. Lastly, programmable machines, being 
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the most complex but also operating on small 
batches, exhibited the lowest reliability. 


Analysis of reasons for failure 


The SPSS contingency table analysis has 
been described earlier in this paper in conjunc- 
tion with the attempt to generalise the results 
of the failure rate aspects of planned mainten- 
ance. It is appropriate at this stage to detail 
this particular analysis whereby type of failure 
(i.e. mechanical, electrical, hydraulic) was cross 
tabulated with reason for failure (i.e. foreign 
matter, overloading, faulty material, misalign- 
ment etc., lubrication, wear, misuse and not 
known). 

Wear accounted for 81.7% of hydraulic fail- 
ures, but for mechanical and electrical failures 
it only accounted for 57% and 55.5% respect- 
ively. By  constrast, misalignment etc. 
accounted for 25.6% of electrical failures, 17.3% 
of mechanical failures and only 8.6% of hy- 
draulic failures. Overloading was responsible 
for a significant proportion of both mechanical 
and electrical failures (8.9% and 9.8% respect- 
ively) whereas it did not appear to be a prob- 
lem with hydraulic systems. Foreign matter 
appeared to affect each system approximately 
to the same degree, accounting overall for 4.3% 
of failures. Faulty material and lubrication 
faults were hardly at all significant (averaging 
0.1% and 0.5%), whilst misuse accounted for 
only 2% of breakdowns and 5.5% were due to 

. unknown causes. 


THE MANUFACTURERS’ VIEW 
OF RELIABILITY 


The survey carried out during the latter 
stages of the project had the purpose of investi- 
gating the activities of machine tool manufac- 
turers regarding their products and to reconcile 
these with the findings of the research so far. 

Regardless of the size of the companies re- 
sponding to the questionnaire (average 650 
employees, maximum 2500, minimum 115) 
most of them used advanced techniques in 
designing and developing machines. 52% used 
computer-aided analyses during structural 
design, and 80% carried out some form of com- 
ponent testing for corrosion, fatigue or wear; 
the majority even tested purchased com- 
ponents. Nearly 86% of the machine tool 
makers built and tested pre-production (proto- 
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type) machines, and in all cases machines were 
tested before delivery to customers. The nature 
of such testing, however, could be more accu- 
rately described as alignment and performance 
testing rather than reliability testing. 

The reliability information supplied to cus- 
tomers was small. Only 33% of the companies 
provided customers with an estimate of the ser- 
vice life of their machines and only 28% sup- 
plied an estimate of life-cycle costs. In 86% of 
Cases, companies specified a maintenance sche- 
dule for their machines, but only one company 
related the schedule to the age of the machine. 

Data collected on machine breakdowns 
related mainly to repairs effected by the 
machine manufacturers’ own service engineers, 
while only 28% kept records of repairs done by 
customers which, even then, was done only oc- 
casionally. Most breakdowns that occurred 
outside the warranty period were therefore un- 
known to most of the machine tool manufac- 
turers, except when spare parts were supplied. 

While 43% of the companies analysed the 
machine breakdown data they collected, classi- 
fication of the causes of failure was usually 
done manually. This analysis was mainly 
intended to highlight repetitive faults rather 
than to identify trends in failure rate and to 
correlate faults against contributory factors. 


MAIN CONCLUSIONS 


Obviously the implications of the results of 
such wide ranging research are many and 
varied. However, broad conclusions may be 
drawn which relate to planned maintenance 
and the design of productive equipment. 

Regarding planned maintenance, the conclu- 
sion on the basis of results obtained so far is 
that the advisability of wholesale application of 
planned replacement to machine tools should 
be questioned [3]. A possible exception might 
be in the case of hydraulic systems, but then 
only during the period when it can be proved 
that failure rate is increasing significantly. 
However, in certain situations where there is a 
high dependency on critical components, the 
failure of such components could be examined 
in detail and replacement programmes imple- 
mented where they proved to be appropriate. 

An alternative to planned replacement might 
be to periodically inspect machines and main- 
tain them according to condition. This would 
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however require an optimum inspection fre- 
quency to be determined and techniques for 
wear detection would need to be improved. 

Regarding the design of machines, a major 
factor that does appear to influence the balance 
between reliability and maintainability is the 
relative degree to which mechanical, electrical 
or hydraulic equipment is used. For instance, 
on a transfer line with buffer stocks low ‘relia- 
bility’ might be tolerated provided any failures 
are quickly dealt with, in which case electrical 
equipment could be preferred. On the other 
hand a general machine shop may seek low 
failure frequency and could therefore adopt a 
policy of avoiding the use of electrical equip- 
ment in favour of hydraulics. 

The way in which a machine is operated will 
also influence its reliability and, although oper- 
ating conditions are usually outside the control 
of the manufacturer, machines that are 
designed for small batch work and could be 
likely to fail more frequently should contain 
systems which can be repaired quickly. 

Although the results of the research were sig- 
nificant enough to give rise to general conclu- 
sions such as those described above, it is ap- 
preciated that the data base was relatively 
small. Further work needs to be undertaken 


involving an in-depth study of equipment in an 
individual firm, extending over a sufficiently 
long period that more definitive results may be 
obtained which may lead to specific recom- 


mendations relating to maintenance and 
design. It is anticipated that such an approach 
will also include extensive dialogue with equip- 
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ment manufacturers as well as intensive and 
detailed data collection and analysis. Such a 
dialogue is based on the recognition [2] that 
both users and manufacturers depend upon 
each other when approaching the problem of 
reliability and user/manufacturer co-operation 
provides the feedback necessary to all efficient 
control systems. 
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Carter and Williams’ study of the organizational and managerial characteristics of technically 
progressive firms remains one of the most frequently cited studies in this field. In this paper we 
replicate and extend eight of Carter and Williams’ findings in a study of innovation in the United 
States footwear industry. We replicate Carter and Williams’ tests but extend their results by 
conducting the tests in a more rigorous fashion and calculating the independent relationships of each 
variable with technical progressiveness. Because of the more rigorous methodology we can specify 
what aspects of their general concepts are related to technical progressiveness. Our results indicate 
strong relationships between technical progressiveness and (1) the technical expertise of the mana- 
gerial staff; and (2) the openness of the formal inter-departmental communications structure. Carter 
and Williams’ findings are supported insofar as their general concepts reflect aspects of these 


variables. 


INTRODUCTION 


IT IS WIDELY recognized that technological 
change plays a crucial role in economic growth 
and that the ability of firms to adjust to chang- 
ing technology constitutes a crucial competi- 
tive dimension. As a resuit the determination of 
the characteristics of firms that promote rapid 
adjustment is a central economic and manager- 
ial issue. The classic study of Carter and Wil- 
liams [2, 3] is probably the most wide ranging 
and frequently cited study of the organizational 
and managerial determinants of technological 
progressiveness. In this paper we will replicate 
and extend key findings of Carter and Wil- 
liams. The need for the replication of prior 
studies has been a frequent theme in social 
science research as propositions cannot be con- 
sidered as verified on the basis of only one or a 
few studies [1, 12]. The particular need for rep- 
lication of studies in technological innovation 
has been noted by Rosenbloom [14] and 
Mansfield [11]. 

There are additional reasons for the replica- 
tion of Carter and Williams’ work. Later 
studies, while supporting some of Carter and 
Williams’ findings, have produced contradic- 
tory evidence for others and left still other find- 


ings untested [17]. In addition, Carter and 
Williams discuss a heterogeneous set of vari-. 
ables with little attempt to determine which 
variables are most important in ‘determining, 
technical progressiveness. While this problem 
is addressed in later studies, it is possible to“use 
more sophisticated methodologies and statisti- 
cal tests to make more rigorous determi- 
nations. Finally, several of the later studies 
have followed Carter and Williams in studying 
a sample of firms drawn from several indus- 
tries. As Rothwell indicates, “in-depth sectoral 
studies would appear to promise to yield the 
potentially most meaningful results” [17, p. 
204]. In addition, studies of a single industrial 
sector eliminate the possibility of the results 
being spurious artifacts of inter-industry differ- 
ences. 

In this study we consider eight of Carter and 
Williams’ variables. The authors found tha. 
technically progressive firms were character- 
ized by: (1) a sound policy of recruitment for 
management—that is, a highly educated mana- 
gerial staff; (2) an adequate provision for inter- 
mediate management staff relative to the size of 
the firm and the nature of the firm’s processes; 
(3) a high status for science and technology in 
the firm; (4) a willingness to arrange for the 
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effective training of staff; (5) a greater readiness 
to look ahead; (6) more effective internal com- 
munication and coordination between depart- 
ments; (7) the use of advanced management 
techniques; and (8) a high rate of expansion. In 
terms of Rothwell’s [17] conceptualization of a 
variable hierarchy, these variables are among 
the most important of Carter and Williams’ 
study. Rothwell suggests that firm and manage- 
ment characteristics are the most powerful 
determinants of technological progressiveness. 
Aspects of these characteristics are measured 
by the first seven variables in our list. 

We will replicate Carter and Williams’ find- 
ings in the sense that we will test their results 
using the same variables and, as far as possible, 
the same units of analysis. However, our results 
will provide a firmer basis for generalization. 
Our results are based upon a random sample 
of firms within a single industry. Thus, we elim- 
inate the possibility of our results reflecting 
mere inter-industry differences. In addition, our 
results rest upon more precise measurements of 
firm characteristics. Thus, we are able to use 
more powerful statistical tests and to ascertain 
if different aspects of the global dimensions 
used by Carter and Williams are differentially 
related to innovation. Finally, we extend 
Carter and Williams’ findings by ascertaining 
the relative explanatory power of each of the 
independent variables. 

Our research site is the United States foot- 
wear industry. The industry is experiencing 
strong ‘technology push’. Historically, the shoe 
industry has been characterized by labor 
intensive production techniques and a dismal 
record of productivity advances [8]. The 
industry is under extensive pressure to increase 
its production efficiency as a result of a massive 
increase in imports from lower wage countries. 
At the same time firms have a greatly expanded 
set of opportunities to lower production costs 
because of the development of new, labor sav- 
ing technologies [5]. 

Two crucial aspects of the industry’s struc- 
ture are machinery suppliers’ dominance of the 
innovation process and the intensely competi- 
tive nature of the industry. Machinery and 
other process innovations, for the most part, 
are not developed by footwear firms. Rather, 
the industry has externalized responsibility for 
the development of process innovations to 
machinery suppliers; most notably the USM 
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corporation. These firms develop innovations 
which they market to the individual footwear 
firms. The footwear industry has a highly frag- 
mented structure with several large, multi-plant 
firms at the top and relatively small, single 
plant firms at the lower end of the size distribu- 
tion. This fragmented structure is clearly indi- 
cated by the low level of seller concentration in 
the industry. The extent of competition is 
further increased by the rapid rise in imports. 
Until the mid-1950s virtually all footwear sold 
in the domestic market was manufactured by 
domestic firms. During the January—May 


period of 1975 imports accounted for 45.2% of 
the domestic supply of non-rubber footwear 
[5]. The increase in imports has coincided 
with, and is partially due to, a marked increase 
in consumer style consciousness which has 
made it necessary for firms to try to anticipate 
rapidly changing consumer tastes [8]. 


METHODOLOGY 


Our research consists of two components: a 
survey study of the adoption behavior of 50 
firms and case studies of decision making in 
five firms. The survey sample is a stratified ran- 
dom sample of firms within the US footwear 
industry. Three SIC industries are included: 
(3142) men’s footwear, except athletic; (3144) 
women’s footwear, except athletic; and (3149) 
footwear, except rubber, not elsewhere classi- 
fied. These industries were chosen so that each 
firm would be a potential adopter of each of 
the innovations studied. 

A minimum size standard was applied to 
eliminate firms whose production was too 
small to accommodate the innovations selected 
for study. These criteria left us with a popula- 
tion of 267 firms. The sample firms were 
selected after stratifying for geographic loca- 
tion, firm size, and type of shoe produced. In 
the sample, 36% of the firms are located in the 
Mid Atlantic area, 30% in New England, and 
18% in the North Central area. The remaining 
firms are not concentrated in any single area. 
Firm size based upon total full-time employ- 
ment ranges from 100 to 26,165 with a mean of 
1843 and a standard deviation of 4648. On 
both criteria, geography and size, the sample 
Closely approximates the population. In multi- 
plant firms a single plant was randomly 
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selected to serve as the focus for ascertaining 
which innovations were adopted. 

Most of our data were obtained from per- 
sonal interviews with two top decision makers 
in each firm: the manager most knowledgeable 
about the company’s operations; and the 
manager most knowledgeable about capital ac- 
quisition decisions. The appropriate respon- 
dents were located in consultation with the 
president of each firm. Additional information 
was obtained through the use of mailed ques- 
tionnaires sent to a sample of managers in each 
firm. Included in the sample were the president, 
department heads, and a one in three random 
sample of all other managers above the level of 
plant superintendent. The response rates were 
72 and 66% among presidents and managers, 
respectively. These response rates are very high 
in comparison with the response rates in most 
studies using mailed questionnaires. 


MEASURES 


Our dependent variable is the number of 
innovations that each firm had adopted for use 
in the sample plant. The manager most know- 
legeable about capital acquisitions identified 
innovations in use in the sample plant from a 
list of 15 innovations. The list was compiled 
after extensive consultation with equipment 
manufacturers and footwear producers. In their 
opinion the list contained all important recent 
innovations. In order to replicate Carter and 
Williams’ dependent variables, we first present 
our results using the 40% of the firms that 
adopted six or more innovations and the 24% 
of the firms that adopted three innovations or 
less. We then present our results using the total 
sample. Carter and Williams excluded inter- 
mediate firms as they believed that only a com- 
parison between extremes would yield clear 
findings, given the imprecision of their 
measures [3, p. 88]. Our more precise measures 
permit us to include intermediate cases. 

The independent variables of Carter and 
Williams, and our specification of them, are 
listed in Table 1. With four exceptions data 
measuring these variables were obtained from 
the interviews with the manager most knowl- 
edgeable about the firm’s operations. The ex- 
ceptions are the presidents’ ranking of the im- 
portance of long term activities (data from the 
mailed presidents’ questionnaires), and the dis- 
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tribution of managerial time, and the extent to 
which managers initiated communication and 
received contacts (data from the mailed mana- 
gerial questionnaires). On the managerial ques- 
tions Hage and Aiken’s [7] procedure was 
used to aggregate the responses of the 
managers into a single score for each firm. The 
criterion was set that an organizational score 
would be calculated only if we had a response 
from at least one manager at each hierarchical 
level. Thirty-four firms satisfied this criterion. 
The response rate to the president’s question- 
naire was 70%, giving scores on the president’s 
ranking of the importance of long range activi- 
ties for 35 firms. 

The question arises as to whether the 34 
firms providing usable data on the three mana- 
gerial variables and the 35 firms providing 
usable presidential data are representative of 
our total sample. Data presented elsewhere 
indicate that the ‘respondent’ and ‘non- 


respondent’ firms in each category did not 
differ significantly in the number of innova- 
tions adopted or in their mean scores on a 
range of variables hypothesized to influence 
innovation [6]. 


RESULTS 


The correlations between each of the inde- 
pendent variables and technical progressive- 
ness are reported in Table 2. Our results 
indicate that only two findings of Carter and 
Williams are confirmed at statistically signifi- 
cant levels by each of our specified indicators: 
that technically progressive firms assign a 
higher status to science and technology; and 
that technically progressive firms are more 
likely to use advanced management techniques. 
Three findings are confirmed at statistically sig- 
nificant levels by some of our indicators. Our 
results indicate that technically progressive 
firms: (1) have a more adequate provision for 
intermediate management in production but 
not in the firm as a whole; (2) are characterized 
by a more open formal communications struc- 
ture, as measured by the existence of regular 
interdepartmental meetings, but not by a more 
open informal communications structure; and 
(3) have a higher proportion of managers with 
MBA’s but not a higher proportion of 
managers with college degrees. 
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TABLE 1: INDICATORS MEASURING CARTER AND WILLIAMS’ CONCEPTS 





Relationship with 
technical Hypothesized 
progressiveness relationship 
(Carter and Williams) (footwear industry) 





1. A sound policy of recruitment 

for management (the educational 

qualifications of management) 

a. Proportion of managers 
above the level of foreman 
having college degrees 

b. Proportion of managers above 
the level of foreman 
having MBAs 

. Adequate provision for intermediate 
managers (size of the intermediate 
management staff relative to the 
size of the firm and the nature 

of the firm’s processes) 

a. Number of managers above the 
level of foreman relative to 
total employment 

b. Number of managers in production 
above the level of plant 
superintendent relative to 
total employment" 

. Status of science and technology 
in the firm 

a. Number of engineers 

b. Number of engineers employed 
in purely managerial positions” 

c. Existence of a special department 
to test new types of production 
equipment 

. Use of management techniques 

a. Use of a computer for 
purposes other than 
preparing accounts 

b. Use of consultants in the 
previous year 

c. Use of market research 

. A willingness to arrange for the 
effective training of staff 

a. Proportion of managers 
above the level of foreman 
that attended training 
sessions, courses or 
classes during the previous 
year, excluding those given 
at conventions 

. A high rate of expansion 

a. Percentage increase in 
employment in the previous 
5 yr 

. A readiness to look ahead 

a. Whether, among a list of 
nine activities, the 
president ranks long range 
planning as first or second 
in terms of the amount of 
time and effort he devotes 
to it 

b. Distribution of managerial time 
between shorter and longer 
term activities‘ 
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TABLE |. (continued) 





Relationship with 
technical 
progressiveness 


Hypothesized 
relationship 


(Carter and Williams) (footwear industry) 





8. Effective internal 
communication and 
coordination between 
departments 
a. The extent to which 

managers initiate 
communications with 
managers from other 
departments 

. The extent to which 
managers are contacted 
by managers from 

other departments 

. Whether firm has inter- 
departmental managerial 
committees that meet on 
a regular basis 


a 





“This variable was suggested by our case study finding that participation in the 
adoption decision in largely restricted to the CEO and managers in the higher level of 


the production department. 


"Carter and Williams indicate that the employment of engineers in purely mana- 
gerial positions is an important aspect of the status of science and technology [2, p. 


133]. 


* Lawrence and Lorsch’s question on time orientation was used to measure this 


variable [9, p. 257]. 


“ Carter and Williams refer both to the general level of communication and coordin- 
ation and to their level when R & D projects are considered. As few footwear firms 
have an R & D capability, we measure the general level. 


A regression analysis was applied to deter- 
mine the independent effects of each variable 
having a statistically significant correlation 
with technical progressiveness. Three linear 
regression models were tested: 


li = f(Di, Ci, Ui, Mi, Pi, Si, Ti, Fi) 
li = f(Di, Ci, Ui, Mi, Pi, Ei) 
li = f(Di, Ci, Ui, Mi, Si, Ni) 


where 


Ji = the number of innovations adopted by 
the i'” firm 

Di = regularly scheduled inter-departmertal 
meetings: | if exist; 0 otherwise 





' We adopted the criterion that two variables would not 
be included in the same equation if their correlation 
exceeded 0.50. This criterion is a rigorous one by contem- 
porary statistical standards. 

? For reasons of space the results tested only over the 
firms at the higher and lower levels of technical progressi- 
veness are not presented. These results are similar to those 
presented in Table 3 though the significance levels of the 
regression coefficients are somewhat lower because of the 
smaller number of cases and somewhat higher levels of 
multi-collinearity. 


0.M.E. 8/4—p 


Ci = use of consultants in previous year: | if 
used; 0 otherwise 
i = use of computer: | if used; 0 otherwise 
= use of market research: | if used; 0 
otherwise 
= proportion of managers with MBA’s 
= special group to test new equipment: 1 
if exist; 0 otherwise 
number of managers in production 
above plant superintendent 
Fi = firm size, measured as total employ- 
ment in 1974 
Ei = number of engineers 
Ni=number of engineers employed in 
purely managerial positions 


Three equations are tested to reduce multi- 
collinearity among the independent variables. ' 
Firm size is included in the first equation to 
test the effects of the size of the intermediate 
managerial staff in production relative to the 
size of the firm. 

The results, tested over the total sample, are 
presented in Table 37. The following vari- 
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TABLE 2: CORRELATIONS OF INDEPENDENT VARIABLES WITH TECHNICAL 
PROGRESSIVENESS® 





Top and bottom 
firms only All firms 





. Sound policy of recruitment 
for management 

a. Proportion of managers 
with college degrees 

b. Proportion of managers 
with MBA’s 

. Adequate provision for 
intermediate managers 

a. Number of managers above 
foreman relative to 
total employment” 

b. Number of managers in 
production above plant 
superintendent relative 
to total employment” 

. Status of science and technology 
in the firm 

a. Number of engineers 


b. Number of engineers 
employed in purely managerial 
positions 

c. Special group to test new 
equipment 

. Use of advanced management 
techniques 

a. Use of a computer 


b. Use of consultants 
c. Use of market research 


. A willingness to arrange for 
effective training of staff 
a. Proportion of managers 
attending training 
sessions, courses or 
classes 
. A high rate of expansion 
a. Percentage increase in 0.041 —0.041 
employment (28) (42) 
. A readiness to look ahead 
a. President’s rank of 0.038 0.002 
importance of long (20) (32) 
range planning 
b. Time distribution of 0.000 0.048 
managers (22) (30) 
. Effective internal communication 
and coordination 
a. Extent of communication —0.048 0.006 
initiation (24) (34) 
b. Extent to which managers —0.041 —0.077 
contacted (24) (34) 
c. Regular inter-departmental 0.450f 0.333t 
meetings (31) (48) 





“The correlations presented are Pearson Product Moment Corre- 
lations. The sample sizes are presented in parentheses. In this table and 
the following tables the variable names are abbreviated to save space. 

>In order to ascertain the relationships of technical progressiveness 
with the number of managers above foreman relative to total employ- 
ment and with the number of managers in production above plant super- 
intendent relative to total employment, we use total employment as the 
control (third) variable in a partial correlation. 

* P < 0.10 (one-tailed test). 

+ P < 0.05 (one-tailed test). 

t P < 0.01 (one-tailed test). 

§ P < 0.001 (one-tailed test). 
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TABLE 3: VALUES OF REGRESSION ANALYSIS: ALL FIRMS 





Equation I 


Equation II Equation III 





Standardized 
regression 
coefficient 


t-value 





Standardized 
regression 
coefficient 


Standardized 
regression 


t-value coefficient 





0.1872 
0.2700 
0.0571 
--0,0428 
0.1982 
0.0972 


Regular inter-departmental meetings 

Use of consultants 

Use of computer 

Use of market research 

Proportion of managers with MBA’s 

Special group to test new equipment 

Number of engineers 

Number of top managers in produc- 

tion 

Total employment 

Number of engineers in purely 
managerial positions 

Constant 

Adjusted R? 

N 


0.3116 


F 


1.280 

1.721f 
0.3547 
0.3126 
1.518* 
0.6792 


0.2234 
0.3840 
0.0525 
0.0475 
0.1623 


1.475* 
2.622} 
0.3293 
0.3426 
1.225 


0.2793 
0.2959 
0.0458 
0.0291 


0.2241 


0.2246 1.557* 


2.078 
0.7143 





* P < 0.10 (one-tailed test). 
+ P < 0.05 (one-tailed test). 
t P < 0.01 (one-tailed test). 


ables show at least one significant coefficient: 
regularly scheduled inter-departmental meet- 
ings; use of consultants; proportion of 
managers with MBAs; special group to test 
equipment; number of engineers; number of 
engineers holding purely managerial positions; 
and number of managers in production above 
the level of plant superintendent. Three vari- 
ables show no significant relationship with 
technical progressiveness: use of a computer; 
use of market research; and total employment. 


DISCUSSION 


We will first consider the substantive impli- 
cations of these results and then review their 
implications for Carter and Williams’ conclu- 
sions. 

Innovations may be evaluated along many 
dimensions. The evaluation of innovations, and 
the scanning of the environment for suitable 
innovations, is an intellectually demanding and 
time consuming task. As a result, and as Carter 
and Williams emphasize, a firm must have 
managers able to locate and evaluate innova- 
tions and the ability to allocate managerial 
resources to this task. Of the seven variables 
having statistically significant independent re- 
lationships with technical progressiveness, six 
measure aspects of managerial resources. The 


proportion of managers possessing MBAs, the 
number of engineers and engineers occupying 
purely managerial positions, the number of 
managers in production above the level of 
plant superintendent, and the existence of a 
special group to test new equipment indicate 
the presence of managerial resources enabling 
the firms to locate and evaluate process inno- 
vations. The significant relationship between 
technical progressiveness and the number of 
managers in production above the level of 
plant superintendent relative to total employ- 
ment is consistent with Carter and Williams’ 
contention that firms must be able to release 
managers from day to day managerial duties if 
innovation is to occur. Finally, the strong re- 
lationship of the use of consultants with techni- 
cal progressiveness may also reflect the impor- 
tance of managerial resources. Consultants can 
increase the firm’s technical capabilities in at 
least three ways: (1) by bringing knowledge of 
innovations into the firm; (2) by participating 
in the evaluation of innovations; and (3) by 
releasing managers from other duties, thereby 
allowing them the time to locate and evaluate 
innovations. 

Our findings are highly consistent with 
Carter and Williams’ contention that the pos- 
session of a large and technically qualified 
managerial staff is a key to innovation. Our 
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findings are also consistent with the contention 
of Carter and Williams and others [17] that 
barriers to inter-departmental communication 
impede innovation. However, in contrast to the 
results of other studies [19], our findings indi- 
cate that in the footwear industry technical 
progressiveness is highly correlated with the 
openness of the formal communications struc- 
ture but not with the informal structure. The 
openness of the forma! structure was measured 
by the existence of regularly scheduled inter- 
departmental meetings while the openness of the 
informal structure was measured by the extent 
to which managers initiated and received com- 
munications from managers in other depart- 
ments. Only the first measure was significantly 
related to technical progressiveness. 

Turning to the question of the extent to 
which our results replicate Carter and Wil- 
liams’ findings, their conclusions are supported 
to the extent that their general concepts reflect 
aspects of the firm’s technical expertise or open 
formal communications structures. Each of the 
indicators of the high status of science and 
technology measures an aspect of technical 
expertise. Thus, their finding that technically 
progressive firms assign a high status to science 
and technology is supported by each of our 
indicators. One indicator, the use of consul- 
tants, of their general concept, the use of 
advanced management techniques, measures 
an aspect of technical expertise. The other two 
indicators, the use of a computer and the use of 
market research, are not measures of the tech- 
nical expertise of management*. The use of 
consultants is the only indicator of the use of 
advanced management techniques to have a 
statistically significant independent relation- 
ship with technical progressiveness. 

A sound policy of recruitment for manage- 
ment is measured by two indicators: the pro- 
portion of managers with college degrees and 
the proportion of managers with MBA’s. In the 





> Both the use of a computer and the use of market 
research are techniques one would expect firms with high 
levels of technical expertise to use. However, they are not 
aspects of technical expertise. Our findings show that the 
use of these techniques is highly correlated with technical 
progressiveness but that their use is only weakly related to 
technical progressiveness when these variables are included 
in equations containing measures of technical expertise. 
This result is consistent with the conclusion that the zero 
order relationships between these variables and technical 
progressiveness are spurious. 
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United States the college degree is usually a 
general degree while an MBA indicates con- 
siderable training in management skills. Our 
results show that only the proportion of 
managers with MBA’s is significantly related to 
technica! progressiveness. An adequate provi- 
sion for intermediate managers is also 
measured by two indicators: the number of 
managers above the level of foreman relative to 
total employment and the number of managers 
in production above the level of plant superin- 
tendent relative to total employment. Both our 
survey and case study results indicate that 
decisions to adopt innovations are usually 
made by the chief executive officer and 
managers at the higher levels of the production 
department. Managers from the sales and other 
departments rarely participate in adoption 
decisions. We therefore hypothesized that the 
provision for intermediate management at the 
higher levels of the production department 
would be more closely related to technical pro- 
gressiveness than the provision for inter- 
mediate management throughout the firm. The 
results in Table Two support this prediction. 
These results are consistent with the findings of 
Carter and Williams and of Rothwell [16]. 
Three findings of Carter and Williams were 
not supported: that technically progressive 
firms would be more willing to arrange for the 
effective training of staff; show a higher rate of 
expansion; and show a greater readiness to 
look ahead. Two of these results deserve com- 
ment. With regard to rates of expansion, our 
results indicate that there is virtually no re- 
lationship between technical progressiveness 
and rates of expansion in the footwear 
industry. The relationship between these vari- 
ables may vary between industries, but our 
data clearly indicate that it cannot be assumed 
that technical progressiveness is a major force 
for growth in every industry. Cyert and 
March’s [4] theory of slack innovations, in 
which the desire to utilize unused resources is 
hypothesized to be a major force behind inno- 
vation, suggests that there is no necessary re- 
lationship between expansion and_ technical 
progressiveness. Schmookler [18] makes a 
similar point when he indicates that growth 
may foster technical progressiveness. The 
results of Project Sappho also suggest no 
necessary relationship [15]. However, even if 
we hypothesize that a high rate of expansion 
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should be a consequence of technical progressi- 
veness, we might expect this relationship to be 
muted in industries, such as the footwear 
industry, in which style choices and marketing 
capabilities have a great impact on perform- 
ance. 

With regard to the firm’s readiness to look 
ahead, our case study results indicate a limited 
sense in which Carter and Williams’ finding is 
supported. These results suggest that techni- 
cally progressive firms are more likely to place 
a high priority upon the modernization of their 
production processes in order to meet future 
competitive demands [6]. Thus, while as our 
survey results indicate, managers in all depart- 
ments of technically progressive firms do not 
devote more time to long term activities, the 
innovation decisions of production managers 
in technically progressive firms are more likely 
to respond to conceptions of the future needs 
of the firm. 


SUMMARY AND CONCLUSIONS 


In this paper we have attempted both a rep- 
lication and more rigorous test of several of 
Carter and Williams’ findings. Our results indi- 
cate strong relationships between technical 
progressiveness and: (1) the technical expertise 
of the managerial staff; and (2) the openness of 
the formal interdepartmental communications 
structure. Carter and Williams’ findings are 
. supported insofar as-their general concepts re- 
flect aspects of the firm’s managerial expertise 
or openness of the formal communications 
structure. We conclude that our results provide 
strong support for Carter and Williams’ gen- 
eral conclusion that since innovation is done 
by people, the possession of a technically quali- 
fied staff is a crucial element in the innovation 
process. Our results are consistent with the 
generalization that the most important factors 
supporting innovation are the level of technical 
expertise in the firm, the ability of the firm to 
release managers from day-to-day tasks in 
order to locate and evaluate innovations, and 
formal structures facilitating interdepartmental 
communication. 
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APPENDIX: THE ROLE OF FIRM SIZE 


Firm size, measured as total employment, is significantly 
correlated with the dependent variable and several of the 
independent variables. These correlations raise the ques- 
tion of whether the previous results are spuriously depen- 
dent on firm size. However, we believe such a question is 
inappropriate. While size was initially treated as an inde- 
pendent variable [e.g. 10], recent analyses suggest that size 
is best regarded not as a factor influencing adoption in 
itself but as a proxy variable indicating the presence of 
variables that directly affect adoption [e.g. 13]. Elsewhere 
we show that in the footwear industry the most important 
variables for which size serves as a proxy are the size and 
technical competence of managerial staffs [6]. We also 
show that the addition of size to equations containing the 
latter variables generally does not improve the ability of 
these equations to predict adoption. We therefore conclude 
that it would not be appropriate to interpret the results 
reported in this paper as spurious. 


It has also been argued that large firms possess two cost 
advantages: they are better able to purchase innovations 
and to utilize the inovations’ full capacity [11]. These 
advantages exist only to a limited extent in the footwear 
industry. With two exceptions, innovations may be 
acquired on a leasing basis and their capacities are so 
limited that even relatiyely small firms must acquire more 
than one machine to utilize the innovation on their total 
production. The minimum size standard in this study, pro- 
duction of 1,000 pairs a day, was set so that the smallest 
firms in our sample could accommodate the innovations 
selected for study. Thus, the results presented in this paper 
are not due to larger firms having markedly greater cost 
advantages. 
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Sweden has made a rational approach to the manpower problems arising from the modernisation of 
manufacturing processes as a result of capital investment. The Swedish experience is discussed under 
the headings of effectiveness of investment, congruence of objectives, changes in patterns of employ- 


ment, union structure and differentials. 


INTRODUCTION 


THE IMPORTANCE Of effective capital invest- 
ment [9],’ to the Swedish economy can be 
realised from the growth in GDP per capita 
quoted in Table | for a few countries at the top 
of the league. Sweden has neither the highest 
GDP per capita in the world, nor the fastest 
rate of growth, but it has overtaken the USA 
and the second position is a good achievement 
for a country twice as large as the UK and yet 
with a population of only about 8 million. The 
achievement is even more remarkable when it 
is remembered that at the turn of the century, 
Sweden was among the poorer countries of the 
world: the transformation for the bulk of the 
population has literally been from rags to 
riches within living memory. 

Gross investment has been high in Sweden 
as Table 2 illustrates but in recent years, rela- 
tive to faster growing economies, less has been 
spent on machinery and equipment and more 
on social projects (including roads) to improve 
the quality of life. This aspect is perhaps not 
surprising for a country that had a Socialist 
Government in office for more than four 
decades (although this policy is now accepted 
by all parties). 

Capital investment in Swedish industry has 
been assisted by four interlinked factors which 
have been deliberately cultivated as a long 





It can be shown, e.g. [9] that for the years under dis- 
cussion there is a positive and reasonably close relation- 
ship between capital investment and the growth in GDP. 


term policy. Each has implications for man- 
power planning: jointly, they have contributed 


in large measure to economic success. These 
factors are: 


(a) the agreement by management and unions 
on the need for efficient companies in the 
production sector of the economy, 


(b) the wide acceptance of industrial restructur- 
ing, 


(c) the industry type of union structure, 


(d) the central union policy of low wage differ- 
entials. 


Other factors, such as imaginative market 
research and a dedicated management, have 
also played their part but since they, perhaps, 
have less relevance to manpower requirements, 
will not be discussed here. 


CONGRUENCE OF OBJECTIVES 


Industrial relations in Sweden have acquired 
an international reputation for rational pro- 
cedures of which the emphasis placed on the 
avoidance of strikes as means of settling dis- 
putes is only one facet. But it has not always 
been like this. In the earlier years of the twen- 
tieth century, industrial relations were excep- 
tionally bitter and the strike record little short 
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TABLE 1. GDP PER CAPITA FOR SELECTED COUNTRIES* 





GDP in 1965 
(£) 


GDP in 1972 
(£) (£) 


GDP in 1975 % Growth over 


10 yr 





USA 
Sweden 

W Germany 
France 

UK 

Japan 
Switzerland 


2078 
1975 
1517 
1265 
1143 

637 
1846 


2417 
2450 
1988 
1807 
1314 
1321 
2200 


3308 59 
3914 98 
3270 115 
2886 128 
1897 66 
2056 223 
3948 113 





* Source: Avon, Some Data about Sweden, Skandinaviska Enskilda Banken, for 
various years. Converted at 10SKr to £1 for 1965 and 1972; converted for 1975 at 


9 SKr to £1. 


of disastrous. The Government tried to inter- 
vene in 1928 by establishing a Labour Court to 
deal with breaches of Collective Agreements 
between employers and unions, but, lacking the 
support of the contenders, the Labour Court 
was ineffective. However, discerning leaders on 
both sides recognised the harmful effects of dis- 
putes on the companies and therefore in the 
not-so-long run on the employees also. Dis- 
cussion led to the signing in 1938, of the 
Saltsj6badern Agreement, the essential point of 
which is that disputes should be settled by 
negotiation between the main parties with 
the Collective Agreements providing the 
mechanism. 

To be effective, the Saltsjsbadern Agreement 
requires the support of strong central organis- 
ations able to impose discipline on their own 
members. This was recognised at the time and 
is still mainly achieved through SAF (Swedish 
Employers’ Confederation), representing the 
employers, and LO (Confederation of blue col- 
lar unions) representing the blue collar unions. 
(Other bodies exist but since the industrial 
scene is dominated by SAF and LO, they will 
be omitted from discussion here.) Over the 
years, LO has become a wealthy body able to 


mount substantial educational campaigns as 
well as able to employ competent economists 
to match those employed by SAF; both factors 
are of significance. 

While wages have provided the most fre- 
quent component of the Collective Agreements, 
the effect of Agreements on procedures has 
arguably been of greater importance. In the 
present connection, the Agreement in 1948 on 
the use of workstudy was the first of a series 
leading to the Rationalisation Agreement in 
1972 [1]. The need to improve the efficiency of 
industrial operations is spelt out in order to 
develop an effective economy and also in order 
to pay the increasingly high wages expected by 
the unions. The unions agree to participate in 
the studies and also to the restructuring of 
tasks or even companies that might arise as a 
result of the studies. Union philosophy was 
also expounded in a substantial report [14] in 
1971 to the Quinquennial Congress of LO in 
which it was agreed, inter alia, that weak firms 
should be allowed to perish while resources 
were concentrated on the prosperity of the 
strong. Pressure for capital investment in the 
modernisation of Swedish industry has thus 
also come from the Unions who have at the 


TABLE 2. INVESTMENT PER CAPITA IN 1972 (percentage figures [8] for column (3) 
based on averages for years 1967-71) 





Gross 
Investment 
£/Capita 


Investment in machinery 
% of GDP invested and equipment 
(Investment ratio) £/Capita 


(2) (3) 





Sweden 

W Germany 
France 
Japan 

USA 

UK 


22.0 
26.3 234 
26.3 212 
34.8 — 
17.0 183 
18.2 123 
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Omega, Vol. 8, No. 4 


same time accepted the corollaries of modern- 
isation as affecting their membership. Overman- 
ning to preserve jobs has not been part of the 
philosophy of either management or unions: 
practical steps to facilitate redeployment have 
instead been a feature of Swedish life. 

Recently the Government has _ taken 
action"? to improve the working environment. 
Radical changes in production methods have 
often been involved, as for instance in the 
mechanisation of foundries, with a consequent 
revision of manning levels. Although the return 
on investment might sometimes be negative 
(but by no means inevitably so), these changes 
have been generally welcomed. 

The consultative approach is very evident in 
Sweden. It has been encouraged by a suc- 
cession of collective agreements, this time on 
Works Councils, the first being in 1945.¢ 
Government again interfered in 1974 by an 
Act® controlling worker representation on the 
board, and by an Act® (known as MBL) requir- 
ing all company decisions to be approved by 
the workers. The two Acts have not been the 
calamities predicted by some; in fact, manage- 
ment has frequently used them (as well as 
works economic committees) for discussion 
and information purposes to evolve changes in 
working practice at plant level and jointly to 
achieve a smooth restructuring of complete 
industries. Nor should the influence of the 
working groups (discussed later) be ignored. 

. For a variety of reasons, the acceptance of 
change brought about by modernisation 





2 For 1974 only, 20% of all profits in excess of £10,000 
had to be set aside tax free, to improve working conditions. 

3 Legislation to control pollution and the environmental 
location of industry was passed in 1969 but this is only one 
of many Acts since 1940 concerned with conservation of 
the countryside. 

*The first Collective Agreement on the running of 
Works Councils was signed by SAF and LO in 1945, al- 
though a few Works Councils predated the Agreement. A 
comprehensive Agreement was signed in 1966. 

* The Act now requires the election by the workers of 
two representatives to the Board of all companies employ- 
ing more than 25 people (initially 100, but modified to 50, 
now 25). 

® Act of Co-determination at Work: came into force on 
January 1, 1977. For full implementation, this Act requires 
the signature of a series of Collective Agreements industry 
by industry. By early 1979, this had not happened but the 
influence of the Act is widely felt. 

7 The basic pension was initiated in 1914 and the earn- 
ings related pension scheme started in 1960. Both are now 
entirely paid by the employers and are index linked. The 
Pension Funds are now the largest single source of invest- 
ment funds in Sweden. 
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(which is largely equated with capital invest- 
ment) has been widespread in Sweden. 


CHANGES IN PATTERNS 
OF EMPLOYMENT 


A dramatic change has occurred in the 
number of people employed in Swedish agri- 
culture. Between 1960 and 1975, the number 
employed fell by 56% (to 205,000) but farming 
output has risen by 5% over the same period. 
Mechanisation has been the cause of the 
change and has been associated with an in- 
crease in the number of bigger farms of around 
100 hectares of arable land. A parallel move- 
ment has occurred in the forests (now 60,000 
workers) where a six-fold increase in labour 
productivity has been achieved. In spite of a 
national policy of comparable levels of income 
for all workers, there has been a drift from the 
land to the towns where the number employed 
in textiles has fallen from 145,000 to about 
50,000 (and the future of these is in doubt at 
present). 

Job mobility has been facilitated by the 
transference of pension rights for all workers’. 

In the earlier years, much of the migratory 
labour was absorbed in the expanding engin- 
eering sector of the economy. Traditionally, 
Sweden has operated in the basic industries 
such as steelmaking and shipbuilding but has 
also sought to develop either a high value 
added content (e.g. in special steels, ballbear- 
ings, gauge blocks) or alternatively stream- 
lined production methods (as in shipbuilding) 
to hold production costs and to maintain de- 
livery dates. The examples quoted are part of a 
wider spectrum of industry with a similar pat- 
tern. Change at the work place has become 
very much the norm. Changes continue as 
further concentration into bigger units occurs, 
either to seek the economies of scale or to in- 
crease specialisation. Almost contradictory to 
this trend is the fact that, to an observer from 
the UK, many of the larger Swedish companies 
are extremely diversified [7]. Most of the 
changes involve movement towards higher 
technology and so are capital intensive but 
have been implemented remarkably smoothly. 

Table 3 shows that productive industry 
(interpreted widely) has increased its share of 
the GDP which has itself been rising steadily 
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TABLE 3. CHANGES IN EMPLOYMENT STRUCTURE AND IN 
SHARE OF GDP. 1968 MARKET PRICES FOR GDP 





1960 1965 1970 1975* 





% of GDP Productive 
Industry 


Services 


44.0 
56.0 


45.9 
54.1 


46.7 
53.3 


46.9 
53.1 
Productive 


Industry 
Services 


o A of 
Labour 
Force 


55.0 
45.0 


51.9 
48.1 


46.1 
53.9 


41.8 
58.2 





* GDP for 1974. 


for the years quoted. But because of increased 
productivity, the proportion of the labour force 
in productive industry has been steadily declin- 
ing, with a corresponding increase in the 
numbers employed in the services sector where 
the largest increase has been in the public 
sector—from 11.7% in 1960 to 24.7% in 1975. 
The total labour force has not remained static: 
it has increased from about 3.6 million in 1960 
to nearly 4 million in 1975, partly due to more 
women seeking gainful employment (60% of 
married women now work at least half-time) 
and partly due to the immigration policy. 

Table 3 suggests a reasonably stable situ- 
ation. In spite of the trend in employment, the 
output of productive industry has risen faster 
than the demands of the services (which in the 
final analysis it needs to finance). However, 
there are fears that the balance has become less 
happy in the last two years. 

A dominant force behind the success of the 
restructuring has been the Labour Market 
Board, a Government financed body with 
almost complete autonomy. It operates both 
centrally in policy matters and locally in help- 
ing employment. The Board considers that 
even in a socialist economy, a modern indus- 
trial system undergoing constant evolution 
cannot sustain 100% employment—there will 
always be some people changing jobs, and jobs 
themselves change. In fact, for many years 
unemployment has never been greater than 
1.6% but currently there are as many people 
supported by the Board on training schemes or 
relief work as there are registered unemployed. 

The Board helps job mobility by retraining 





® The law starting the Investment Funds was passed in 
1938, with subsequent modifications in 1947, 1955 and 
1963. 

° A new company, Svenskt Stal was formed in 1977 with 
the state owned LKAB holding 50% and with Granges and 
Stora Kopparberg each holding 25% of the share capital. 
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schemes, usually of a practical nature and 
always orientated to the potential demand. It 
helps geographical mobility by grants first for 
an advance visit to a job location, then for 
living away from family, for house removal and 
finally for settling in. The Board also tries to 
influence the location of industry, to some 
extent by grants but mainly through control of 
the Investment Funds. 

In practice, job mobility has usually meant 
moving from the country or from small towns 
to bigger towns in which there has been exten- 
sive construction of flats (usually three or four 
storeys high). The concentration has been 
regarded as an acceptable price to pay for 
increased living standards. But having reached 
a high standard, there is now a ‘green move- 
ment’ calling for a return to the country; just 
what effect this will have is not yet clear. 

Successive Swedish Governments have 
encouraged the modernisation of industry 
through the system of Investment Funds [16]°, 
under which any firm can set aside tax free for 
investment, up to 40% of its profits in any year 
(46% of this money must be deposited in an 
interest free account in the Central Bank). To 
spend its own money, the firm then needs the 
approval of the Labour Market Board. In 
addition to attempting (not too successfully) to 
steer the location of industrial expansion, the 
Labour Market Board uses the Funds to con- 
trol the economy. In times of recession, ap- 
proval to utilise the Funds is readily given: in 
boom periods, approval may be withheld. 
(There has been a 4 yr cycle of boom followed 
by recession.) For this system to operate effi- 
ciently, each firm needs to have its develop- 
ment plans firmly established for about 5 yr 
ahead: actually most firms have plans for the 
next 10 or 1S yr. The Board too mounts con- 
structive relief work during a recession; again 
to be effective, forward plans need to be well 
advanced so that the system can move into 
gear at relatively short notice. The implication 
for manpower planning is very evident. There 
is also a satisfying logic in the situation as dis- 
cussed so far. 

The world recession from 1975 to 1978 
strained the Labour Market Board in Sweden. 
The system worked reasonably well until the 
end of 1976 but failed to cope with an extended 
recession. Major parts of Swedish industry 
have been in difficulty. The reaction has been 
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TABLE 4. Days LOST PER 1000 WORKERS DUE TO INDUSTRIAL DISPUTES [4] 





1960 1965 1967 1968 1969 


1970 1971 1972 1973 1974 1975 1976 





Sweden 5 1 
Germany 1 2 
UK 125 1158 
USA 352 383 
Japan 110 «119 


30 
220 
1430 
100 


30 
20 
520 
1390 
200 


370 
1590 
160 


2210 


40 240 10 
10 340 40 
740 1190 570 
1600 750 
310 210 


30 10 
60 40 
1270 300 
1480 1190 


200 450 150 





substantial restructuring aimed at survival. 
Thus the mild steel industry has been restruc- 
tured? and is likely to be followed by the 
special steel and shipbuilding industries. Indi- 
vidual firms such as Granges have themselves 
undertaken drastic changes in structure [5]. 
Unpalatable as these changes have been, the 
change process has again taken place remark- 
ably smoothly. 


UNION STRUCTURE 


As part of its policy of creating a strong cen- 
tral control, LO has for decades been con- 
cerned to consolidate a number of small (and 
originally craft-based) unions into single 
industry-wide unions (of which there are now 
22). Although not the prime intention, the 
industry union structure lends itself to innova- 
tion and to the modernisation of industrial 
processes [6] because new methods will not in 
general cause demarcation problems. This is 
not to say skill is unrewarded; but the same 
people can undertake jobs requiring new skills 

. without inter-union. disputes. Capital invest- 
ment is accordingly encouraged. 

This effect has been particularly noticeable 
in group working which was initiated in 
Sweden around 1969 to meet the boredom and 
dissatisfaction with mass production methods 
which in turn were causing absenteeism, high 
rates of labour turnover and some industrial 
disputes. The car industry has been the most 
publicised, but group working exists in many 
industries. The aim is to increase worker satis- 
faction and involvement by extending the job 
content. One way in which this has been done 
in process industries (and also in quarries, for 
instance) is by training the operator to under- 
take the less technical parts of maintenance 
[11]. This is very fruitful if, as often happens, 
the operating and maintenance functions are 





'° The figures are the weighted means of wages above 
and below the average respectively. 


mutually exclusive or if a minor fault would 
cause a delay while a fitter is sought. 

In addition to extending the time span and 
therefore the content of operating tasks, plant 
operators have been encouraged to become 
involved in some tasks previously discharged 
by supervisors. In certain places (e.g. Volvo 
Kalmar), group working has involved extra 
capital expenditure of the order of 10% in the 
construction of a new factory: in others, exist- 
ing plant has been modified to release the 
workers to some degree from the tedium of 
production lines. Table 4 suggests that group 
working achieved at least one of its objectives 
since the strike record after 1971 has returned 
to its previous low value for Sweden. Absen- 
teeism and labour turnover have also de- 
creased. 

In other respects group working has not 
come up to the highest expectations. Problems 
in obtaining greater involvement are still being 
met: in Volvo Olofstrém, one of the more suc- 
cessful installations, only one group has 
attained step 5 of the graduations shown on 
Table 5. There have been few dramatic im- 
provements in procedures originating from the 
shop floor. Nontheless, group working is a de- 
velopment that is likely to continue. 


DIFFERENTIALS 


SAF has advocated a policy of equal pay for 
equal work. LO has advocated equal pay. Over 


TABLE 5. STEPS IN THE GROWTH OF A WORKING GROUP 





No of Groups on 


Step No this Step in 1978 


Added Functions 





l Working as a group 10 
2 Job enlargement 50 
3 Increased responsibility for 30 
planning 
Job rotation 2 
Increased possibility of I 
making own decisions and 
of developing _ responsi- 
bility. 
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the years, LO has been the more successful. In 
1960, the wage spread about the average varied 
between +17% and —12%: by 1976, the wage 
spread had fallen to +6% and —5}%.'° The 
average pay has increased substantially over 
the years but the effective differential has more 
than halved: differential taxes cause further 
erosion of the pay differential. 

Wage negotiations are first conducted cen- 
trally to decide in principle the size of incre- 
ment. Detailed agreements, industry by 
industry are then prepared and _ signed 
simultaneously—thus avoiding ‘leapfrogging’. 
Once signed, an agreement is in force for one, 
two or three years, and has the support of the 
Labour Court [3]. In 1978, it was also agreed 
that if inflation exceeded 7.5%, in 1978, or 1979, 
then negotiations could be re-opened. Pay rises 
(until 1978 when the average was between 5 
and 6%) have been in excess of the inflation 
rate so the standard of living has risen steadily. 
In the years 1975 and 76, the cost of employing 
labour rose by 45% and, together with the rest 
of the world catching up on Swedish tech- 
nology, contributed to the economic difficulties 
of 1978. 

The particular point of concern here is that if 
redeployment causes a worker to change jobs 
from say the car industry, the differential is 
likely to be small and is not a deterrent to 
mobility. The differential also works in the 
reverse direction; there is little inducement to 
stay in unpleasant working conditions nor to 
change for the sake of change. 

As an aside, it is interesting at this stage to 
reflect on the motivation of Swedish workers. 
The employers have been concerned [13] for 
some years that the low differentials will cause 
young people to be reluctant to undertake 
training for the highly skilled jobs upon which 
the Swedish prosperity has largely rested. Once 
trained, why should they accept the responsi- 
bility of skilled jobs or of management for 
small wage differentials further eroded by an 
incremental scale of income tax? By inference, 
based on personal observation, the answer 
seems to lie in the national characteristic of 
sober responsibility coupled with widespread 
interest in continuing education; Folk High 
Schools and trade union study circles are par- 
ticular manifestations of the dedication to edu- 
cation, and they in turn enhance the respon- 
sible attitude towards what are conceived as 
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economic realities—as for example, that the 
standard of living has to be earned. Such an 
attitude is frequently met in blue collar 
workers as well as in management. 

Even this attitude is not sufficient to sustain 
motivation all the time. Faced around 1969-70 
with diminishing competitiveness due to 
reduced efficiency arising from boredom and 
absenteeism on the shop floor, Swedish firms 
developed group working as a means of enrich- 
ing job content and so cultivating job interest. 
Much of group working has been successful in 
attaining its objectives: workers who knew the 
old methods appreciate the new situation but 
incomers without industrial experience have no 
such yardstick and are less enthusiastic (see 
also [5]). Whether a new generation— 
accustomed to a high standard of living it has 
not yet earned and taught in school to question 
most things and particularly the status quo— 
will be equally committed to the work ethic is 
also a question of concern. But then, older gen- 
erations have always feared the worst in their 
successors. 

Many people are content at present to work 
a four day week. With some, this is because 
leisure is preferred to a marginal increase in 
spending power. With others, this is due to 
‘moonlighting’, i.e. a second job is undertaken 
in order to create capital to buy, say, a house; 
a new element is alleged [10] to be tax evasion 
associated with the second job although second 
jobs have long been a feature of the Swedish 
scene—to the dismay of the unions. A more 
legitimate method of tax avoidance is gaining 
credence, namely the supply of reciprocal ser- 
vices in which little or no money changes 
hands and no receipt is involved [2]. Such ac- 
tivities offer incentives to both parties—the one 
avoids tax and the other avoids the 45% social 
on-charges. There is thus a self-defeating ele- 
ment in too high social costs. 

The Swedish scene continues to be full of 
interest although perhaps for different reasons 
from a few years ago. Will new methods of 
generating motivation to match their sober 
ambitions be evolved? Or will Swedish pros- 
perity decline? Time alone can answer. 


CONCLUSION 


It is been clearly recognised in Sweden that a 
sustained programme of capital investment in 
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industry is essential for continued prosperity 
but it is also recognised that there is a human 
dimension to investment that should not be 
ignored. The Labour Market Board has played 
a vital role both in facilitating the formation of 
capital and in helping to solve the problems of 
labour mobility. The Swedes emphasise [17] 
the Board’s activities as ranking high in the list 
of favourable factors, but it is not the only 
factor operating. The professionalism of the in- 
depth market research undertaken by manage- 
ment before investment, has been of almost 
equal importance to the cooperation of the 
labour force. Cooperation has been aided by 
the union structure—a strong central body 
built upon a few (about 22 blue collar) 
industry-wide unions: manpower can relate to 
changes in industrial structure without, for 
instance, demarcation difficulties and in the 
past there has been little fear of unemployment. 

Although it can be argued that the corrective 
actions taken by the Labour Market Board in 
the minor recessions of 1959 and 63 were too 
late to be fully effective, the Board learnt from 
this experience and in general there is a very 
satisfying logic about its activities. One must 
assign pride of place in encouraging investment 
to the Labour Market Board but it would be a 
mistake to underestimate the value of the other 
factors including the operation of the Invest- 
ment Bank and (recently) changes in monetary 
policy to facilitate foreign trade. 

These might be described as the institutional 
factors. Less easy perhaps to formalise are the 
mental attitudes in Sweden starting first with 
the recognition of common objectives for man- 
agement and unions in seeking a prosperous 
economy. This has enabled major restructuring 
of companies and even industries to be brought 
about with a substantial degree of concensus. 
Reaction to changing market forces has thus 
been rapid and, in general, effective. Although 
the cost of employing people has risen steadily, 
because of the flexibility combined with sound 
(but not high flying) technology, Swedish goods 
have remained competitive on world markets 
at any rate until 1976. 

Swedish practice is almost a copy book 
example of how to take care of the manpower 
implications of capital investment. No great 
analytical skill is required to discern the merits 
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of the Swedish system. Neither is it necessary 
to build a model to visualise the antithetic 
economy: it exists in the UK. Because of the 
scale of events, movements towards a better 
system in the UK would probably need to be 
politically motivated and politically contrived 
(in the best sense of the term). As one possible 
scenario, Lindley [12] has advocated a two tier 
Britain, the one, technically advanced with 
heavy investment supporting the other, a 
labour-intensive traditional set of industries. 
Other scenarios are obviously possible and at 
this stage, management scientists, including 
OR workers, should be involved in the explor- 
ation of alternative strategies; the unbiased 
critical approach should help to take some of 
the ‘heat’ out of an emotional situation, while 
models of change could help to anticipate some 
of the problems. 
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The Standard Oil Company of Ohio generates revenues at a large number of geographically 
dispersed retail outlets. These funds are initially deposited with local banks and are subsequently 
transferred to the Company’s major bank accounts in Cleveland. This paper reports on a computer- 
ized system developed to introduce efficiency in this transfer process. The core of this new system is 
a modified inventory model which is used to issue transfer orders. The model captures the essential 
features of the process and at the same time is simple enough to be used in conjunction with a large 
commercial data processing system that contains the necessary data. The new system is a decision 
support system which allows management to intervene in the procedure for determining parameters 


of the decision model. 


INTRODUCTION 


THE Standard Oil Company of Ohio (SOHIO) 
operates directly or indirectly, a large number 
of revenue generating outlets in the East and 
the Midwest. The managers of these outlets 
deposit their receipts in the company’s local 
bank accounts from where they are transferred 
to central bank accounts in Cleveland. In 1976 
a preliminary study of the company’s cash 
management practices revealed that as a result 
of an inefficient method of cash concentration 
large quantities of idle funds were on deposit 
with the local banks. Subsequently, company 
management authorized a project to design 
and implement a new system for cash concen- 
tration. This paper deals with a description of 
this new system. 


DESCRIPTION OF THE CASH 
CONCENTRATION SYSTEM 


Thousands of company agents deposit their 
daily receipts in over 500 local bank accounts 
and forward notifications, through US mail, to 
the Head Office in Cleveland. The amount of 
cash deposited by each agent reflects his daily 


revenues and is therefore subject to the usual 
fluctuations in sales levels. The Company 
transfers funds from the local bank accounts by 
issuing special checks called Depository 
Transfer Checks (DTC) and depositing them 
with the major banks. The resulting concen- 
tration system is depicted in Fig. 1. 

It should be apparent that if the company 
were to use, instead of DTC, a different instru- 
ment for transferring funds, e.g. wire and/or a 
more efficient means of transmitting deposit 
information, e.g. telephone, then the character- 
istics of the resulting concentration system 
would be different. Available cash concen- 
tration systems have been discussed widely in 
the literature [2, 4]. 


DEVELOPMENT OF NEW DECISION 
MODEL 


Notification of daily deposits received from 
the stations form part of the daily input to a 
multi-purpose computer system (CASHCOL) 
and are available. 

The decision problem faced by management 
is essentially an inventory type problem: when 
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to write a check against a local bank and for 
how much. This decision has to be made based 
on the information available at the time, which 
as a result of check clearing and mail delays is 
not accurate (see Fig. 2). 

The ‘current’ decision model programmed as 
part of CASHCOL works as follows: 


If BB < DDF Z=0 
If BB > DDF Z = BB — DDF 
If Z < $1,000 Z=0 


where 


BB = bank balance as shown by company 
records (Book Balance) 
DDF = Draw Down Factor 
management 
Z = check size 


supplied by 


The DDFs are supplied for each local bank 
based on past experience and in view of the 
large number of banks involved are rarely 
revised. 

The ‘current’ model did provide a solution to 
the decision problem, but was not leading to 
satisfactory results. A new decision model was 
thus to be found which, it was agreed, should 
satisfy two criteria: (1) it should be simple 
enough to operationalize and (2) it should be 
more ‘efficient’ than the current model. The 
first constraint was necessary, given that the 
large number of banks involved made the use 
of the computer mandatory, and thereafter the 
decision model had to be amenable to efficient 


computerization. The second criterion, al- 
though seemingly self-evident, requires expla- 
nation. One way to compare the efficiency of 
two models is, to compare the total costs of the 
two models. In the case at hand, the total cost 
is the sum of (1) the opportunity cost of idle 
funds, (2) cost of checks issued by the decision 
center, and (3) costs associated with ‘red 
balances’. An alternative way of comparing two 
decision models is to see which one can better 
achieve a certain ‘balance goal’. Since, tra- 
ditionally, ‘payment’ for banking services can 
take the form of leaving a certain mini- 
mum—or average—balance in the account, a 
decision model that can achieve a pre- 
determined balance level while minimizing the 
number of orders issued can be considered effi- 
cient. (For a detailed discussion of the rationale 
for this criterion, the various forms that it 
assumes and the impact of changes in banking 
industry on its applicability see [1].) 

Two new decision models were then devel- 
oped reflecting the two ways of viewing effi- 
ciency described above. 
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The first model was a theoretical inventory 
model designed to minimize the total cost of 
the system. It was found that with some 
reasonable assumptions, the ordering policy for 
the system is an (s, S) policy [3]. Furthermore, 
it is possible to compute a number of, (s, S) 
pairs corresponding to different probabilities of 
‘bounced’ checks. This is a desirable feature 
because, depending on the nature of the re- 
lationship between a particular bank and the 
Company, it may be imperative to constrain 
the number of ‘bounces’. 

A second decision model was designed in 
congruence with the criterion of maintaining a 
certain balance at the local banks. It is an ad 
hoc myopic model which works as follows. To 
write today’s check, first compute the expected 
bank balance on the day when today’s check 
arrives at the local bank by forecasting the 
deposits during the ‘ignorance period’. Next, 
compute the cummulative deviations to date 
from the ‘balance goal’. Prepare today’s checks 
by comparing these figures while making sure 
that small checks are avoided. (For a rigorous 
mathematical formulation of this model see 


[1].) 


PILOT STUDY 


To compare the performance of the three 
models a simulation program was developed. A 
data base was prepared which contained 12 
months deposit histories for a number of repre- 
sentative banks to be used in the study. The 
inadequacy of the existing information systems 
left the monthly bank statements as the only 
source of accurate deposit information and the 
sheer amount of work excluded the possibility 
of including all the local banks in the study. 
The banks in the sample represented a variety 
of possible situations in terms of amount of 
daily receipts, number of depositing agents and 
location of the bank (See Table 1). 


The first 2 months of data for each bank 
were used to estimate the parameters of each 
model which were then used to issue with- 
drawals based on the remaining 10 months of 
deposit data. It was contended that historically 
used DDFs were not appropriate and if the 
current model were to be used as a benchmark 
for comparison, ‘good’ factors should be found 
and used in the simulation. Whereas for the 
inventory model the estimation procedure was 
quite straight forward through the use of an 
optimization routine, determination of the par- 
ameters of the ‘goal attaining’ (GA) and the 
‘current’ models were essentially a trial and 
error procedure. 

The simulation model provided three main 
measures of performance for each model: (1) 
Average daily balance (2) number of ‘bounces’ 
and (3) total cost. Extensive Monte Carlo ex- 
periments were performed which clearly indi- 
cated that the differences observed between 
performance measures of various models were 
stable and significant [1]. Tables 2, 3 and 4 
summarize the results for the simulation run in 
which the ‘actual’ deposits were used. 

Table 2 summarizes the cost related 
measures of performance. The inventory model 
led to lower costs and higher number of 
bounces when compared with the current 
model for all the six banks in the sample. 
Given that the actual dollar penalty of a 
bounce, if any, is very small, it can be seen that 
the inventory model is superior to the current 
model by as much as 26%. Except for Bank 5 
the (GA) model also compares favorably with 
the current model. The difference between the 
overall performance of the (GA) and inventory 
models, although discernible, is small (6.2%). 

Table 3 presents the balance oriented 
measures of performance. Note that the total 
‘required balance’, i. the compensating 
balance determined by management for cover- 


TABLE 1. SUMMARY OF SAMPLE BANK CHARACTERISTICS 





Standard 
deviation 
of deposits ($) 


Average 
daily 


Bank deposit ($) 


Number of 


depositing 


Average 
mail 
lag (days) 


Average check 
clearance 
lag (days) 


agents 





526 
3074 
1077 
5666 

38,768 
16,578 


672 
3246 
1031 
3246 

35,768 
15,748 


NNNNM & WN 
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TABLE 2. COST RELATED MEASURES OF PERFORMANCE 





Current model 


Number of 
bounces 


Annual 


Bank cost ($) 


(GA) Model 


Annual 
cost ($) 


Inventory model 


Number of 
bounces 


Annual 
cost ($) 


Number of 
bounces 





Bank | 
Bank 2 
Bank 3 
Bank 4 
Bank 5 
Bank 6 


Total 


462.43 
254.02 
749.76 
1,243.96 
6,399.60 
3,653.09 


12,762.86 


300.02 
165.60 
462.24 
1,027.19 
6,551.74 
2,381.23 


10,905.52 10 


2 278.14 
3 108.64 
Zz 499.20 
l 835.06 
2 5,897.52 
— 2,577.35 


10,268.84 





Note: Cost figures are quoted to the nearest cent for comparative purposes only. 


ing costs of banking services, is greatly 
exceeded for all three models. This is quite 
reasonable if one notes that the total required 
balance is less than half of the average daily 
deposit and thus in view of the time lags of the 
concentration system it can hardly be achieved 
regardless of the particular decision model 
used. Relatively however, the inventory model 
consistently out performs the current model al- 
though it leads to more bounces. The same is 
true for the (GA) model except for Bank 5S. 


Again, the average daily balances for the inven- 
tory and the (GA) models are comparable, with 
a slightly lower overall figure for the former. It 
is interesting to note that the inventory model 
which did not attempt to achieve any particu- 
lar balance goal led to virtually the same aver- 
age daily balance as the (GA) model. 

Table 4 summarizes the percentage differ- 
ences in average balance and costs for the three 
models for each of the six banks. It should be 
emphasized that the performance measures of 


TABLE 3. BALANCE ORIENTED MEASURES OF PERFORMANCE 





Current Model 


Average 
daily 
deposit ($) 


Required! 


Bank balance ($) 


Average Number Average 
daily 
balance ($) 


of daily of 
bounces 


(GA) Model Inventory Model 


Number 


Average Number 
daily of 


balance ($) balance ($) bounces 


bounces 





Bank | 1233 
Bank 2 751 
Bank 3 1671 
Bank 4 3760 
Bank 5 8921 
Bank 6 14,178 


Total 65,689 30,514 210,303 


4797 
2420 
6869 
16,320 
108,544 
39,411 


178,361 


4409 
1483 
7487 
13,046 
97,993 
42,733 


167,106 





' Supplied by operating management. 


TABLE 4. COMPARISON OF PERFORMANCE MEASURES 





(GA) Model 
Percentage improvement 
over current model 

Average Total 


Bank balance cost 


Inventory model 


Percentage improvement 
over current model 
Average 
balance 


Inventory model 


Percentage improvement 
over (GA) model 
Average Total 

balance cost 


Total 
cost 





Bank ‘1 
Bank 2 40.5 
Bank 3 42.8 
Bank 4 18.1 
Bank 5 —2.4 
Bank 6 35.3 


All banks 17.9 


35.0 31.3 
34.6 
38.3 
17.4 
—2.3 
34.8 


17.0 


8.0 7.4 
40.6 34.4 
—8.2 —7.4 
20.0 18.7 
9.7 10.0 
—7.8 —7.6 


6.7 6.2 
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the current models are based on a ‘good’ set of 
DDFs and that the ‘actual’ performance for 
these banks during the period was considerably 
worse. As is evident from Table 4 the differ- 
ences between the (GA) and inventory models 
were minimal. Nonetheless, the inventory 
model was selected over the (GA) model for 
implementation essentially based on opera- 
tional factors. 


IMPLEMENTATION 


The (s, S) model was to be implemented with 
the view that minimum changes were to be 
introduced in CASHCOL. Consequently, the 
only modifications made were: (1) the system 
was changed to accept two parameters, s-High 
and s-Low instead of the DDF, and (2) the 
check writing routine was modified to use the 
new decision rule. All other changes, including 
the procedure for determining the two par- 
ameters were relegated to a new system which 
was called the Transfer Bank System (TABS). 
The overall relationship between these two 
computer systems is depicted in Fig. 3. 

TABS was designed to prepare a series of 
s-High, s-Low) parameters instead of just one. 
Each set corresponds to a different expected 


level of bounced DTCs and is reported to man- 
agement along with expected performance 


measures. Operating management upon 
reviewing the report and taking into account 
the particular bank-company relationship 
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decide on the best trade-off by selecting the 
appropriate set of parameters. This set of 
values is then passed on to CASHCOL and 
forms the basis for issuing DTCs until the next 
revision. 

TABS consists of a handful of programs 
written in FORTRAN. The total execution time of 
the system is about 2 hr each month of which 
only about 40 min is due to the optimization 
routine. The timing of execution of TABS, both 
as far as the day of the month and the time of 
the day are concerned is, of course, quite flex- 
ible and hence it is run during slack periods in 
the company owned computer center. 

Prior to going on line, the historical deposit 
files for the past 12 months for all the banks 
were prepared and detailed cost and lag files 
were created. Subsequently, one full year of 
operation was simulated month by month and 
the behavior of the system was closely moni- 
tored. It was found that if TABS were in oper- 
ation during the year in question, the balances 
at the local banks would have been reduced by 
about $2,000,000 with fewer checks bouncing. 

Finally the new system went on line in Janu- 
ary of 1978. Operating management exercised 
considerable caution during the initial period 
by selecting conservative bounce levels. Never- 
theless, the balances were reduced by the 
expected amount, and further the system’s pre- 
dictions about balances and bounces that 
could result from a particular set of parameters 
were very accurate. 











CASHCOL 








Rolling 
12 months 
deposit 
file 











Transfer Bank 
ystem 
( TABS ) 





























Anvari, Mohan—A Computerized Cash Concentration System 


CONCLUSIONS 


In terms of costs, this project was completed 
for about $50,000. The benefits of the new sys- 
tem are many fold. The most tangible and im- 
mediate is, of course, the substantial reduction 
in idle balances. Also, the new system has elim- 
inated the need for the cumbersome and time 
consuming process of manual monitoring and 
revision of the parameters of the decision 
model. 

The flexibility of the new system will allow 
incorporation of new technical development in 
funds transfer. For example, should at some 
time in the future it becomes desirable to use 
faster means of data transmission instead of 
US mail, the system can easily handle the 
resulting change. In effect, the similarity of the 


procedures for employing various transfer sys- 
tems ascribe more generality of this project 
than may have been implied here. 
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This paper describes a simplified optimization algorithm used for the solution of a classical depot 
location problem as presented in a Greek Manufacturing Company. Algorithms in the literature for 
this type of problem are based on the assumption of predetermined fixed costs which are independent 
of the final size of the depots. This assumption is usually far from reality; the size of each depot does 
not remain constant during the optimization process and so does the associated fixed cost which is 
variable with the size of the depot. This assumption is relaxed in the proposed algorithm; the 
associated fixed cost is modified each time a new customer is allocated to a depot thus changing the 


required depot size. 


1. INTRODUCTION 


METHODS SUGGESTED in the literature for 
the solution of the depot location problem, are 
usually classified into two basic approaches 
[5, 13]: (a) location in a plane or infinite set 
approach and (b) location in a network or feas- 
ible set approach. 

The main feature of the first approach is that 
the site may be selected anywhere on a plane 
which is the area of interest i.e. there is an 
infinite number of possible sites. The method is 
based upon the minimization of functions of 
the weighted straight-line distances between 
points of a plane. Papers related to this 
approach [3,5,10] are based upon Alfred 
Weber’s historical work [14]. 

The second approach presumes that there is 
only a finite number of known sites which are 
feasible. The corresponding models [4-6], 
which have historically followed the develop- 
ment of the models of the first approach, seem 
to be closer to reality for two reasons: (a) a 
model classified in the second approach does 


not require transport costs to be any function 
of distance and (b) sites must be chosen for 
depot-location where a road network already 
exists, buildings for rent are available etc. It is 
obvious that sites, that may minimize total dis- 
tribution cost, but involve a non-feasible loca- 
tion, e.g. on a mountain range, are rejected. 
The bulk of these models are based on mixed- 
integer programming using algorithms which 
make computations efficient. 

For the case of one factory, Effroymson and 
Ray have elaborated an algorithm [4], which 
was later extended to include two or more fac- 
tories, and was completed with a computer 
program by Atkins and Shriver [1]. 

Based upon this algorithm, Khumawala pro- 
posed in his work [8,9] a set of branching 
decision rules which are tested for their effi- 
ciency in reducing computation time. All these 
algorithms using Mixed Integer models involve 
a major assumption which reduces the number 
of constraints. This assumption concerns the 
fixed cost of depots. In solving the model, one 
must predetermine the annual fixed cost of the 
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depot without knowing the size of the depot in 
the optimal solution. 

Thus the solution may not be the optimum. 
This suboptimization occurs because the fixed 
costs of the final solution, which were deter- 
mined at the application of the model, do not 
fit to the final size of depots, which depends 
upon the annual throughput. To find a better 
solution one must resolve a new model, using 
the fixed costs which take into account depot 
sizes as determined in the previous solution. 
Another approach is to formulate a bigger 
model, which suggests alternative depots in size 
in the same site. The latter is computationally 
inefficient. 

In this paper we introduce an algorithm, 
called AFIVAC, which modifies Effroymson 
Ray’s algorithm (ERA) to take into account the 
dependence of fixed cost on the final size of the 
depot. 

Fixed cost is modified during the solution 
procedure each time a new customer is allo- 
cated to the depot and thus the depot size is 
changed. In this manner, AFIVAC relaxes the 
standard fixed cost assumption of the depot 
location problem algorithms. 

The paper is organized into five sections. 
The second section, following this short intro- 
duction, gives a concise description of the gen- 
eral mixed integer model for the depot location 
problem. In section 3 we describe the 
Effroymson—Ray algorithm, on which we base 
AFIVAC. A presentation of AFIVAC follows 
in section 4. Finally, section 5, compares the 
solution to a depot location problem of a 
Greek Manufacturing Company achieved by 
AFIVAC, with the solutions given by two 
other algorithms. 


2. THE MIXED INTEGER MODEL 


The basic assumption which simplifies MIP 
models is that all depots have unlimited ca- 
pacity. In the literature the warehouse location 
problem in its simplest form has been formu- 
lated as follows: [4, 5]. 


Minimize 


ij i 


subject to 


ieM, 
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0< ¥ Xy <n, fm 12: OM 
jeP; 
Y, = Oor 1 (integer), i= 1,2,...M 


xij > 0, Pm 25. j= lec N 


where 


Cij = tij x dj, 

t;; = the per unit cost which includes: (a) 

the trunking cost at the depot i, (b) 
the warehouse variable per unit cost 
and (c) the transportation cost from 
depot i to customer j. 
Element (b) includes cost of 
invested capital on inventory, and 
insurance. All these cost elements 
are independent of the size of the 
supplying depot i, 

d; = the demand of customer j, 

ij = the unknown portion of d; supplied 
from depot i, 

; =the variable indicating whether 
depot i is used at all (Y; = 1) or not 
(¥;, = 0), 

; = the total fixed cost of depot i, 
including salaries and wages, rents, 
depreciation of machinery, equip- 
ment and furniture, and various 
running expenses, such as electri- 
city. All these elements are depen- 
dent on the annual throughput ie 
on the size of the depot i [7, 12], 

M; = the set of depots which can supply 
customer j, 

P; = the set of customers that can be 
supplied by depot i, 

n; = the number of elements in P;, 

M = number of potential depots chosen 
for serving N customers, 

N = number of customers, 

Z = total distribution cost. 


3. THE EFFROYMSON-RAY 
ALGORITHM 


For achieving higher degree of computer effi- 
ciency in solving the mixed-integer model, 
Effroymson and Ray developed a branch and 
bound method [4] using some simplifications 
which reduce the branches of the tree. Khu- 
mawala [8] developed later three kinds of effi- 
ciencies based upon this algorithm, for achiev- 
ing shorter computational time. 
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Here we describe the simplifications men- 
tioned in the above papers [4, 8], since the pro- 
posed algorithm AFIVAC is based upon those. 

At each successive stage the b & b algorithm 
requires the selection of a ‘free’’ depot, from 
the set of free depots at that stage, to be con- 
strained open or closed. Then a linear program 
without the integer restrictions on the Ys is to 
be solved. The use of certain simplifications at 
each node reduces the size of the tree. 

Before the initial LP the sets of depots which 
are fixed closed and fixed open, Ko and K, 
respectively, are null sets and the set K, of the 
free depots includes all potential depots. 

The first simplification determines a mini- 
mum bound for opening a depot. 

For ie K2, j¢ P; compute 


Vij ™ min 
keNja(K; UK2),k # i 


{max(C,; — C;;,0)] (3.1) 


A; = >Y Vi — Fi 


jeP; 


(3.2) 


If A; > 0 the Y; = 1 for all branches emanating 
from the node (element of set K,) otherwise 
depot i remains element of set K>. 
The second _ simplification 
i=1,2,...M ifforie K2,,jeP, 


reduces nj, 


min (Cy; — Cj) < 0 


keK, AN, 


(3.3) 


then n; is reduced by one. Clearly if an already 
open depot can supply a customer j more 
. cheaply than any of the free depots at the node, 
then the customer should be supplied by the 
open depot. If the inequality (3.3) holds for all 
je P; then P; = ¢, n;=0 and Y;=0 for all 
. branches emanating from that node. 

The third simplification determines a maxi- 
mum bound on the cost reduction for opening 
a depot. 

For ie K>, je P; 


(3.4) 
(3.5) 
If Q; < 0, then Y, = 0 for all branches emanat- 


ing from that node (element of set Ko) other- 
wise depot i remains element of set K >. 





'The terms ‘open’, ‘closed’ and ‘free’ depots will respect- 
ively mean a potential depot i assigned to be used (Y, = 1), 
assigned not to be used (Y; = 0) and not yet assigned either 
open or closed. 
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At every node, one cycles through the three 
simplifications until no further changes of sets 
Ko, K, and K, can be made. 


4. THE PROPOSED ALGORITHM 


‘AFIVAC 


The proposed algorithm is based on certain 
modifications on the simplifications of the 
ERA. The main disadvantage of the ERA is 
that the annual fixed cost F; must be prede- 
termined and remain unchanged during the 
solution procedure, while the annual through- 
put changes at every stage. 

In fact the annual fixed cost is a piecewise 
linear function of annual throughput given by 


F 


CF, + VF, x Z, 


CF,+VF,x Z; if a+ <2Z,< a, 


if 0<Z, <a, 


CF, + VF, x Z,; if a, < Z; <a, 


(4.1) 


where Z; equals the annual throughput of 


depot i 


a; < a2 
CF, <CF, <: 
VF, > VF, >-::: 


*< @aug Sm Ss 
-< CF,_, < CF, <:: 
> VF,., > VF, >°-: 


(4.2) 


Such a piecewise function appears in Fig. 1. 
For the proposed algorithm the notation 


introduced 


in previous 
namely Ko, K,, K3, P;, N > ni, dj, C 


sections is used, 


ip 


i= 1,2,...M,j= 1,2,...N and CF,, VF;, a; 


i= 1,2,.. 


.1... from (4.1) and (4.2). 


For the first simplification the notation Vj; is 
used instead of V;; and for the third wi; instead 
of w;;, where k is the alternative depot for cus- 
tomer j in equations (3.1) and (3.4). 


CF3 


CF, 





| 
| 
| 
a 


ae ——— —- — — 





1 


ny 


3 annual throughput 


Fic. 1. The annual fixed cost of depots as a piecewise linear 


function. 
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Modification on the first simplification of ERA 


The main difference from ERA is that AFI- 
VAC calculates the annual fixed cost of depot i 
— F;—according to equation (4.1) each time the 
simplification is repeated. 


Modification on the third simplification of ERA 


As previously, the fixed cost is calculated 
according to (4.1). This is not necessarily the 
same as that calculated in the first simplifica- 
tion. 

If Q; > 0, then as in ERA the depot remains 
member of K>-candidates. 

If Q; < 0, then Y; = 0 does not hold for ema- 
nating branches, and the 4th simplification, 
called ‘step-by-step reduction of depots’, fol- 
lows. This applies because when a depot is 
assigned to be closed, its customers will be 
served from another depot, and the fixed cost 
of the latter will increase. AFIVAC follows, in 
this 4th simplification, a procedure which cal- 
culates the increases of the fixed costs and then 
adds their sum to Q;. It also gives a closer ap- 
proximation to the optimal allocation of cus- 
tomers to depots, because it takes into account 
the reduction of total fixed cost when a cus- 
tomer is served from a bigger depot due to 
economies of scale. 


Fourth simplification: step by step reduction of a 
depot 

The procedure of the 4th simplification fol- 
lows each time a depot has Q; < 0. As men- 
tioned before the 3rd simplification calculates 
wf; instead of w,;, where k is the depot of set 
K, (open depots), which has the smallest C;; 
from all the depots of this set, and thus the 
depot which will supply customer j, if depot i is 
closed. 

Initially the wis are sorted in subsets 
according to ks and their size.? Then procedure 
A (see below) determines if customers must be 
supplied by a different depot and then pro- 
cedure B calculates the gain of closing depot i. 

Procedure A: includes the following steps: 


(1) Choose smallest wf; which is called wfigur, 
where jout is the customer that may change 





? Each subset includes the wijs of the same k. The subsets 
are sorted according to the size of depot k so that the first 
one is the bigger. 
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depot and thus be supplied from k instead 
of i. 


(2) Check if the annual throughput of depot k 
with the demand dj, is in a higher cate- 
gory than that of depot i reduced by dj.,. If 
this is so go to step 4. 


(3) Discard all the wis of this subset (related to 
k). If there is an other subset of wjjs go to 
step 1, otherwise move to procedure B. 


(4) Calculate the gain (positive or negative), 
which occurs if customer jout will be sup- 
plied from k instead of i This is 


git! = AF, — AF, — Of jou (4.3) 
where 

[CF,, + VF,, x dj] 

— (CFu-1, + VFu-1, x (2dj — djou)] 
if dj, — djour < @a-1), 

VF, X dijon 
(index iin CF), VF, etc is associated with depot i) 

(CFa+1, + VFus+iy, * (Zdj, + djou)] 

— (CF, + VF, x Xdj,] 

if Ldj, + diow > a1, 


AF; = (4.4) 


otherwise 


AF, = (4.5) 


VF,, X djow Otherwise 


(index k in CF,, V F, etc is associated with depot k) 


If gif’ > 0 go to step 5. Otherwise, if there is 
an other subset of ats go to step 1; if not, 
move to procedure B. 


(5) If wfiouw is equal to Vii which has been 
calculated in the ist simplification, then 
customer jout must be supplied from open 
depot k, for all branches emanating from 
this node, otherwise go to step 6. 


(6) If there exists an other wi, in the same sub- 
set go to step 4. Otherwise if there is other 


subset go to step 1; otherwise go to pro- 
cedure B. 


Procedure B: this procedure, which calcu- 
lates the GAIN from closing depot i includes 
the following steps: 


(1) Find the ‘real’ gain defined as follows: 
-(5 of, - F) 5 ah 
j k 


k 


J 
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where 


pa AF, = the sum of increases in the fixed costs 
. of open depots which will supply 
customers of depot i (from 4.5), 
LAF = reduction of the total fixed cost, 
ZAC = loss in the total transportation cost. 


If GAIN, > 0 go to step 2, otherwise go to step 
3. 

(2) Close depot i (Y¥,= 0) for all emanating 
branches and go to step 4 

(3) If 


is equal to 


5 vi 
j 


which has been calculated in the Ist simpli- 
fication, then open depot i (Y; = 1) for all 
emanating branches and go to step 5. 


(4) Call simplification 2 only for customers of 
depot i. 


(5) Go to the main routine which is simplifica- 
tion 3. 


Procedures A and B follow, as mentioned 
above, simplification 3, each time a free depot 
has 2; < 0. But one can also use procedure A 
in the final optimum solution, to find alterna- 
tive allocations of some customers to depots. 

Summarising the advantages of AFIVAC 
against the other algorithms, one can say that: 
(a) The optimal solution is closer to ‘reality’ 
because it takes into account the factor of 
economies of scale; (b) It does not close a 
depot-during the solution, if a ‘real’ gain is not 
involved. 


5. APPLICATION OF AFIVAC. 
COMPARISON WITH ERA and BBLP 


The AFICAC algorithm was applied for the 
solution of a depot location problem, in one of 
the bigger Greek Manufacturing Companies 
producing electric appliances for domestic use. 

The Company owns a factory and two big 
depots located in two major cities. During the 
last Syr the company opened and closed 
several depots in other smaller cities, without 
using any analytical method. The authors were 
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asked by the management of the company to 
study the problem of depot location in the 
framework of a Diploma Thesis. 

The problem was formulated and solved 
with use of three different algorithms: 


(1) the branch and bound program which 
solves mixed integer programming models, 
written by Land and Powell—BBLP—{11], 

(2) the Effroymson—Ray algorithm—ERA, 

(3) the proposed AFIVAC (algorithm for fixed 
variable costs) algorithm. 


5.1. Results with BBLP 


The Mixed Integer model had ‘in the final’ 
formulation 247 columns and 54 rows. All 247 
variables had an upper bound of | and 14 of 
them were zero—one. This means that the can- 
didate depots were 14. 

The problem was solved on a HB 6050. The 
optimal solution gave six depots. The annual 
throughput of each depot, as a percentage of 
total demand, appears in Table 1. 


5.2. Results with ERA 


The simplification of this algorithm, the 
small size of the problem and of course 
the nature of geographical area helped so that 
the problem was solved with a desk calculator. 
The problem was formulated in a slightly 


TABLE |. THE OPTIMUM SOLUTION GIVEN BY THE THREE 
ALGORITHMS COMPARED WITH THE OLD SYSTEM 





Annual throughout as percentage in total 
demand 
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different way and this is why the two methods 
gave different results. 

At the first case the cost of renting depots 
was included at C;;s while at the second case it 
was part of fixed cost [2]. The optimal solution 
with ERA gave five depots as shown in 
Table 1. 


5.3. Results with AFIVAC 


The problem was solved with the use of a 
desk calculator. Both of the above mentioned 
formulations were used and the solution was in 
both cases identical—10 depots. 


5.4. Critique 


Table 1 includes in the distribution cost the 
real fixed cost of depots calculated by equation 
(4.1), for all the three algorithms. However the 
BBLP and ERA algorithms use a fixed cost 
which is predetermined, at the start of the pro- 
cedure, independently of the final size of each 
depot. Since these fixed costs are different from 
the real costs of the final solution, calculated 
by equation (4.1), the optimum solution found 
by BBLP and ERA is different from the real 
optimum found by AFIVAC as indicated by 
Tables 2 and 3. In Table 2 the cost of hiring 
depots is part of fixed cost, while in Table 3 
this cost is included in the warehouse variable 
per unit cost (included at C;;s). 


CONCLUSIONS 


Table 1 indicates that the solutions obtained 
by the application of the three algorithms 
result in roughly equal total annual costs. In 
this respect these algorithms can be assumed to 
be of equal effectiveness. However, while the 
first two algorithms, shown in this Table, 
require a predetermined allocation of fixed cost 
to each depot independently of its final ca- 
pacity, this condition is not needed by the pro- 
posed algorithm AFIVAC. In fact, in AFIVAC 
the fixed cost of each depot is modified each 
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time a new customer is allocated to it, causing 
a change in its size. It should be noted that this 
difference is critical in computer time, because 
in most cases the other algorithms may require 
the problem to be resolved each time with new 
predetermined fixed costs, until fixed costs of 
the final solution—as calculated by equation 
(4.1}—are close to the predetermined ones. 
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This paper reports on a Manufacturing System and two Mixed Integer Programming (MIP) appli- 
cations concurrent to it. The System is made up of four integrated modules designed to address 
problems of Strategic, Tactical and Operational Planning. The MIP applications concern problems 
of plant site selection and production planning. Optimization is done via the IBM’s MPSX/370 


Mathematical Programming Software. 


INTRODUCTION 


THIS PAPER reports on a Manufacturing Hier- 
archy and two Mixed Integer Programming, 
MIP, applications concurrent to it. 

The hierarchy is a fully integrated four- 
module affair designed to address problems of 
Strategic, Tactical and Operational Planning. 
The four modules are in a descending hierar- 
chical order: 


@ A Transportation Model 
@ A Production Planning Model 


@ A Production Scheduling Model 


@A Distribution Simulation Model 


The MIP matrixes and solution reports are 
generated by PL/1 codes and optimization is 
done via the IBM’s mpsx/370 Mathematical 
Programming Software. The distribution simu- 
lation is done via SIMPL/I, a Continuous Simu- 
lation Language. 

We describe below the details concerning the 
hierarchy and the two MIP applications in 
particular. We discuss computational simplifi- 
cations that made the use of mpsx/370 more 
efficient than a purely brutal use of the code. 





‘Paper presented at TIMS/ORSA Conference, May !-3, 
1978, New York, USA. 


The Transportation Model is utilized for the 
selection of Plant Sites over a 15 yr horizon. 
We use foundations of parametric optimization 
techniques for Integer Programming to con- 
struct P,-families. The outcome is a static 
representation of a dynamic problem whereby 
time-periods are handled individually instead 
of collectively. The interface between periods is 
provided by the P,-families and permits opti- 
mization by Mpsx/370. 

In the case of the Production Planning situ- 
ation a pre-processing code to MPSsx/370 elim- 
inates ‘trivial’ binary variables that determine 
production activities in a given period. The 
resulting problem has 64 binary variables 
against 220 in the original formulation and is 
thus much more manageable. 


1. THE MANUFACTURING HIERARCHY 


The application at hand involves one of 
Procter & Gamble’s smallest Divisions. It has a 
typical large scale, continuous flow manufac- 
turing operation. The most important ingre- 
dients of its very general configuration are: 


@ Multiple-raw materials/suppliers 
@ Multiple-plant manufacturing facilities 


@ Multiple-product output 


@ Multiple-warehouse distribution network 
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@ Multiple-transportation modes 
@ Multiple-market zones. 


The hierarchy was launched in part to pro- 
mote the effective use of Logistics resources. A 
comprehensive effort was started to re- 
evaluate: 


@ Raw materials Purchasing strategies 


@ Plant/Warehouse sites and facilities 


@ Production, Distribution and Inventory 
schemes. 


The issues at hand concerned long-term/ 
Strategic, mid-term/Tactical and short-term/ 
Operational Planning and related decisions. 
Various levels of Management serving different 
functions and concerned with details of varying 
degrees were implicated. 

Because of these circumstances we decided 
very early into the project that only a hierar- 
chical approach would be suitable, e.g. one that 
permits decisions to be made in sequence. This 
was done principally to preserve the functional 
and organizational Division mechanism and its 
managerial decision process, see Hax, [8], and 
Table 1. 

We also felt that because of the complexity, 
size and diversity of the topics to be studied 
that no single analytical approach could opti- 
mize the entire manufacturing operation in one 
single step. We thus opted for a system inte- 
grating sets of sequential decisions. Each set of 
decisions providing new constraints within 
which at the next level of the hierarchy new, 
more detailed decisions have to be made. 

The result of this philosophy is a fully inte- 
grated four-module hierarchy (see Fig. 1), con- 
sisting of: 


@ A Transportation Model 

@ A Production Planning Model 

@ A Production Scheduling Model 
@ A Distribution Simulation Model. 


The Transportation and Production Plan- 
ning models are classics in the MIP field. 
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Because of the continuous flow shop environ- 
ment of this Company the Production Schedul- 
ing posed no problems. As a result, a simple 
manual heuristic was constructed. The Distri- 
bution Simulation was another classic in its 
own field. 

Handling those models one at a time and 
providing the necessary mechanism between 
them enabled us to take advantage of the 
special structures that characterizes each of 
them. 

Proceeding from the ‘top’ to the ‘bottom’ of 
the hierarchy, the planning horizon gets 
shorter, the level of management lower, the 
decision scope narrower and the data require- 
ments more intricate. 


1.1 The transportation model 


The first module of the hierarchy concerns 
the classic Transportation model, see AM 
Geoffrion [6]. This module is employed for 
long-term, (1-15 yr-horizon), Strategic Plan- 
ning for site selection and facilities planning. 
On a yearly basis the model is put to use for 
plant production allocation on the basis of 
minimum raw materials purchases, manufac- 
turing and distribution costs. Input to the 
model are facilities characteristics and costs, 
distribution guidelines and tariffs, yearly 
demand forecast etc, (see Fig. 2). 

Output from this module are suggestions for 
future facilities’ site and design, shipping pat- 
terns, production/raw materials allocation etc. 
This information is far reaching and provides 
the basis for the decisions that will shape 
tomorrow’s manufacturing operation and long 
term contractual agreements. 

In terms of LP problem size a typical appli- 
cation of this module had 2000 rows and 9000 
columns. Runs were made on a yearly basis 
with frequent re-runs during the year as busi- 
ness dictated. 


1.2 The production planning model 


The second module is another classic in the 
MIP field and is commonly referred to as the 
fixed cost or lot size model, see Buffa and Tau- 
bert [2], and Fig. 3. 

It is applied for medium-term, (horizon of 12 
months), Tactical Planning. Input to the model 
is brand allocation which produces facilities as 
provided by module 1, individual machine 
characteristics and requirements, inventory 
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1.3 The production scheduling model 


The simplicity of the flow shop of this appli- 
cation did not necessitate the mechanization of 
this step. Rather, a manual heuristic was devel- 
oped that took up each facility’s monthly pro- 
duction plan as given by module 2 and trans- 
lated it into a daily machine production sche- 
dule. This we found allowed all the necessary 
flexibility needed for the inevitable last minute 
changes of the operational circle. 
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Each run of the production plan would thus 
ready a new schedule. 


1.4 The distribution simulation model 


The last module is the result of SA Dastur 
and JD Weeks’ work at Procter & Gamble. It 
is another classic in the simulation of finished 
goods flow through distribution pipelines, see 
Buffa and Taubert [2], and Fig. 4. 

This model is fed by production schedules, 
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distribution guidelines, lead times, inventory 
and reorder policies, customer level of service, 
brandsize demand etc. 

From the model is obtained an impact state- 
ment of the effect of a given production sche- 
dule and shipping guidelines on the inventory 
patterns of the distribution operation. 


1.5 Applications of the hierarchy 


The hierarchy was responsible for realizing 
$2,400,000 in manufacturing and distribution 
cost during its first year of operation. Further- 
more, it was useful in discouraging manage- 
ment from adopting new shipping guidelines 
for one small sector of the business. More 
specifically, module 1 identified savings of 
$140,000 with certain shipping patterns. How- 
ever, module 2 showed that those patterns if 
they were to be implemented would increase 
inventories by 15%. Module 4 revealed that at 
equal customer service, inventories would rise 
throughout the distribution pipeline by an 
average of 52%. This obviously was enough to 
discourage management from exploring this 
matter any further. 


2. EXPERIMENTS IN MIXED INTEGER 
PROGRAMMING 


Now that we have discussed the application 
background of our Manufacturing Hierarchy 
let us review the approaches used to handle 
module 1/Transportation Model and module 
2/Production Planning Model via mpsx/370. In 
both applications computational simplifica- 
tions are made to make the use of mpsx/370 
more resource effective. We first cover the sub- 
ject of module 1 and next that of module 2. 


2.1 The transportation model 


The model at hand is the famed Transporta- 
tion Model. It concerns four levels of oper- 
ation, (Fig. 2): 


@ Manufacturing facilities/plants 
@ Central/plant warehouses 
@ Local warehouses/DC 


@ Market regions/customer zone 


The particular application of this model we 
wish to discuss is that of plant and local ware- 
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house site selection over a 10 yr horizon. A new 
plant is sought for a new manufacturing site 
among four possible candidates. The question 
of possible new local warehousing sites is 
momentarily set aside since they involve only 
minimal capital investments versus those of 
new plants which reach into the $100 millions 
and above. We make the following definitions: 


(A) Coefficients: 


Cig = Unit cost of producing and shipping 
commodity i from plant j through 
local warehouse k to market region 
l 

CAP;; = manufacturing capacity for brand- 
size i at plant j 
Di, = forecasted yearly brandsize i 
demand at customer zone | 
f; = fixed portion of the annual owner- 
ship and operating costs of plant j 


(B) Variables: 


X ij = units of brandsize i manufactured at 
plant j sent through local ware- 
house k and to customer zone | 

1, if plant j is opened 


a= 0, if plant j is not opened 


- (C) Model Formulation: 
Minimize 
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is plant j total capacity. 
For the 10yr horizon at hand a yearly 
demand forecast is supplied. Further, manage- 
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ment assumes a fixed proportion over time of 
distribution to manufacturing costs. Cost data 
is fixed over time. 

The difficulty with selecting a site over such 
a horizon arises because for most large scale 
applications which are commercially available 
Mathematical Programming Softwares, includ- 
ing MPSsx/370, cannot handle this situation as a 
multi-period problem. Thus, an alternative 
must be found to address this type of problem 
in a fashion other than that of a tedious model 
re-run for every year of the horizon. 

We are proposing such an option in con- 
structing P, families. The outcome is a static 
representation of a dynamic problem whereby 
time-periods are handled individually instead 
of collectively. The inter-period interface is 
provided by the P, families and permits opti- 
mization via MPSx/370. 

We define a P, family to be parametric in the 
right hand side such that: 


(P,) Minimize cx subject to Ax > b + Or, x; integer e€ I, 
0<@<1. 

where, c, x, A and b are given comformable 
vectors and / is an index set specifying which 
variables must be integers. By assumption due 
to our application r > 0 and so the P, family is 
monotone. Thus, the family members are 
nested restrictions of one another as @ increases 
from 0 to 1. In addition, as shown n (7), when 
r>0, any optimal solution of (P,-) remains 
optimal at all 6 > 6’ for which it remains feas- 
‘ible. In terms of our multi-period plant selec- 
tion it means that only a finite number of opti- 
mization runs need to be done if @ increases 
from 0 to 1. Hopefully, the runs necessary to 
survey the horizon are less than the number of 
years involved. 

Our problem then becomes one of selecting 
a way of increasing 6 by small increments start- 
ing with 0 and retain feasibility. That is we 
want to select @**' such that it is slightly less 
than 6* which leads to infeasibility. 

To do just that we are employing the follow- 
ing method via MPSx/370: 


Step 1—Solve P, to continuous and integer 
optimality with @=0. Save the 
optimal continuous basis and the 
pseudo cost of the optimal integer 
variables. 


Step 2—Make a step forward by increment- 
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ing 8 by 0.1. Restore the continuous 
and optimal basis. 


If feasibility is maintained then keep 
incrementing @ in successive steps of 
0.1, till infeasibility occurs or @ = 1. 


If feasibility cannot be maintained 
then take a step backwards in incre- 
ments of 0.01, starting with the 
first found infeasible. Until we get 
6**? feasible. If @ = 1 then STOP! 


Step 3—Solve the continuous problem with 
the 6**! feasible to optimality using 
the previously saved optimal basis. 
Start the mip/370 branch and bound 
using the pseudo cost and the 
branching priority of the previous 
run. 


Step 4—Save the continuous optimum basis 
and the pseudo cost of the best 
integer solution. Go back to step 2! 


This method can be automated with the 
MPSX/370 Extended Control Language, 
ECL-PL/1. The use of mpsx/370 MPS Control 
Language is somewhat more tedious. In any 
case, Our smallest problem had the following 
Statistics: 2000 rows, 9000 columns and four 
binary variables, density of 0.16. It took 7.23 
CPU minutes on an IBM 370/168 to reach the 
first, 8@=0, continuous solution. It took 
another 6.25 min to reach the best integer solu- 
tion. 

In the concurrent plant site selection four 
complete cycles of the above procedure were 
completed, a slight improvement over the 
eleven individual runs otherwise needed with 
a traditional ‘approach. Figure 5 illustrates 
this and the P, family in the form of the margi- 
nal cost of selecting a site j against the optimal 
site j*. Here the marginal costs only involve 
operational manufacturing and distribution 
expenses. 

One can see from Fig. 5 that site 1 seems 
attractive at first but is soon to be replaced by 
site 2 and in the long run site 3. Sites 4 and 5 
are never real contenders. This behaviour is of 
course the result of the inherent characteristics 
of the business but also the foreign government 
local policies. In this instance, the local author- 
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ities will only allow a limited start-up capacity 


at a new plant site. Gradually, and according 
to a government schedule, this initial capacity 
can be increased step by step over the years. 

Also from Fig. 5, one can deduce the four 
complete cycles performed through the appli- 
cation of our method. They were executed at 
86=0.0, 0.39, 0.77 and 1.0. respectively. 
Computation-wise, the average cycle of optimi- 
zation took 1.35 and 3.45 CPU minutes to 
reach continuous and integer optimality re- 
spectively. This of course is savings versus the 
individual run statistics. 

The cumulation of the four complete cycle 
times aggregated in one run added up to 41.88 
CPU minutes. Comparatively, the ‘brutal’ 
approach of making individual runs for every 
year of the horizon (re-starting with a pre- 
viously saved basis), came to 83.45 CPU min- 
utes and an untold amount of time preparing 
each run. 

Without any doubt the inter-period interface 
provided by the P, family in the process of site 
selection has merits. However, we feel that our 
method can be improved. More specifically, a 
dynamic stepping procedure could be experi- 


Volume , MSU 


mented with rather than our primitive method. 
This seems especially worthwhile since it took 
an average of 1.41 CPU minutes to perform 
step two per mini-cycle. This is 33% of total 
time. 


2.2 The production planning model /module 2 


This model is none other than the so called 
fixed cost or lot size model. Its name is owed to 
the fact that when production lines are set up 
for a batch a fixed cost is incurred (Fig. 3). 

In our case we further assume that batches 
of given brandsizes can only be run above/ 
below minimum/maximum runsizes. Also, 
because of Company policies a fixed workforce 
is hypothesized. The resulting model is non- 
linear but can be approximated by a Mixed 
Integer Program, MIP. Let us make the follow- 
ing definitions: 


(A) Coefficients: 


Ci, = unit production cost for brandsize i 
in period t 

D;, = forecasted monthly brandsize i 
demand in period t 
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unit engineering production coeffi- 
cient for brandsize i 
set-up cost for brandsize i in period 
t 
i, = unit inventory carrying cost for 
brandsize i in period t 
= starting inventory level for brand- 
size i in period 0 
= lower/upper bound on_brandsize 
production levels 
= total regular manpower time avail- 
able in period t 
= total number of brandsizes i 
= labor overtime hourly cost in 
period t 
= labor regular hourly cost in period t 
set-up time for brandsize i 
= safety stock for brandsize i at the 
end of period t 
T = total number of periods t 
Wo = starting regular time workforce 
level in period 0 
% = percentage of overtime to regular 
time 
(B) Variables: 
I;, = units of brandsize i inventoried at 
the end of period t 
O, = overtime labor used in period t 
W, = regular labor time in period t 
X;, = units of brandsize i produced in 
period t 
Zi, = 1, if brandsize i is produced in 
period t 
Zi, = 0, if brandsize i is not produced in 
period ¢ 
(C) Model Formulation: 


Minimize 


N T T 
= Y (Sin Zia + Ci Xin + tin Lig) + ¥ tr W, + 0,°0,) (1) 
t=1 


i=1lt=1 


subject to: 


Xie + Tie-1 — Tie = Di, Vi,t (2) 


L: Za < Xe < U:Zi, Vi,t 


N 
¥ (S;° Zin + €:* Xiu) — We — O, < 0, Vi, t (4) 
i=1 


(5) 


(7) 


Z=0/1; 1,0,W,X >0. (8) 
Note: 


T 
> D;, = plant brandsize allocation provided by module 1. 
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In this particular situation management 
decides that regular time will have to be used 
up before any consideration will be given to 
overtime. This is not explicitly formulated here 
although o, = 2-r,. Also note that if it were not 
for equation (4) a decomposition approach 
could be used over the brandsizes i. This 
approach has been put to use in another 
setting by (6) and (3}{4). 

One limiting factor in terms of mpsx/370 
branch and bound algorithmic speed is of 
course the number of decision variables Z,,. 
Thus, everything must be done to keep this 
number as small as possible. Although, Falk 
and Tumbusch, [3, 4], are reporting some 
encouraging results. 

In our case, the combination of brandsizes i 
and period t yields 220 binary variables Z;,. To 
eliminate as many of them as possible the fol- 
lowing procedure is applied: 


Step 1—Solve quations (1) to (8) to continu- 
ous optimality relaxing the integra- 
lity constraint on the Z;,. 


Step 2—Scan the optimal continuous solu- 
tion for the basic X;,, (this can be 
done automatically with mpsx/370 
Extended Control Language, 
ECL-PL/1). 


Step 3—If all the basic X;, for a given i solve 
the LP and equation (3) with the 
integrality in force for all ¢ then 
save the solution. It is integer opti- 
mal. 


Step 4—If the basic X;, for a given i solves 
LP with (3) integral for a given t 
then fix Z;, to 1. 


If the basic X;, for a given i gives a 
degenerate solution for a given t 
then fix Z;, to 0. 


Otherwise let Z;, be free for the 
other basic and non-basic X ;,. 


Step 5—Start the mip/370 branch and bound 
taking into account the modifica- 
tions of step 4 and restoring the 
solution of step 3 with its basic X;,’s 
fixed at their optimal continuous 
value. 
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After the execution of this procedure our prob- 
lem had the following statistics: 267 rows, 460 
columns, 64 of which were free binary vari- 
ables, see (3) and (4). Starting after the comple- 
tion of the above procedure only 1.42 CPU 
minutes and 1203 iterations were needed to 
reach integer optimality on an IBM 370/168. 
As a comparison it took about 6 times as many 
CPU minutes for the full fledge problem with 
220 binary variables to reach integer optimality 
and only achieve a 0.57% better solution. 

This is not totally unexpected since a large 
proportion of the basic variables fell into the 
category of step 3 after a continuous optimum 
had been obtained. Clearly, this happens when- 
ever D;, is greater or equal to L for a given i for 
all t. Our success has thus been due in this 
application to a very definite data pattern that 
we had recognized. Other utilization of this 
approach might not be as fruitful. 


CONCLUSION 


We have applied the concept of a Manufac- 
turing Hierarchy to a real life application. It 
provides Divisional Managers the necessary 
mechanization to evaluate the impact of given 
Strategic, Tactical and Operational plans on 
their manufacturing and distribution oper- 


ation. Yet it retains the necessary versatility for 
given managers to continue performing, as 
before but only faster, their operational duties. 

In terms of MIP problems we have learned 
again that nothing can replace a sound ‘tight’ 
formulation. A computational approach that 
minimizes the number of integer variables 
and/or the effort to arrive at a solution in a 
given situation is also highly desirable. Also, 
nothing can substitute for the understanding of 
the behaviour of a given model and its continu- 
ous solution and log before going into the 
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mixed integer phase. Finally, it is best to utilize 
first and understand well optimization macros 
before utilizing some of the more specialized 
features offered by large scale Mathematical 
Programming softwares including Mpsx/370. 
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There is a considerable amount of published research relevant to the selection of automatic, online, 
single exponential smoothing models, applicable primarily to following a stationary process of data. 
Research into adaptive, double exponential smoothing models which are applicable to following a 
linear trend in the data has not been so profuse, however, particularly under strict online design 
specifications. Five feasible methods from the double exponential family were selected for compari- 
son in this study, which consisted of four separate simulation experiments. The online design 
specifications are interpreted quite strictly to include adaptiveness, recursiveness, fading memory, 
computational economy, robustness, self-initialisation and comprehensibility to management. 


INTRODUCTION 


THE PURPOSE of this study was to gain some 
insights into the behaviour of several forecast- 
ing procedures which are both capable of fol- 
lowing a linear trend and suitable for auto- 
matic online operations. The requirements of 
online operation were interpreted very strictly 
and represent those typically, but not exclus- 
‘ively, involved in the design of large-scale 
multi-item inventory control systems. These re- 
quirements were identified as: 


(i) Adaptiveness: The parameters of the fore- 
casting model are not expected to remain 
stationary over time and this should be 
recognised automatically by the system. 


(ii) Recursive estimation: The model par- 
ameters should be re-estimated after each 
new item of information in a way that 
only requires the continuous storage of no 
more than three or four variables. In par- 
ticular, the whole vector of past observa- 
tions should not be necessary for the 
adaptive parameter re-estimation at each 
subsequent stage. 


(iii) Fading memory: With the inherent nonsta- 
tionarities in the time-series the adaptive 
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estimations should place more emphasis 
upon the recent than upon the older 
observations. (This explains the popularity 
of exponential smoothing in these situ- 
ations. It is essentially a weighted moving 
average model with the weights declining 
exponentially over time). Note that the 
common way of fitting a linear trend by 
ordinary least squares regression does not 
have a fading memory. 


(iv) Computational economy: The algorithm 


will have constraints regarding computa- 
tional time and space utilisation. Thus, 
forecasts should be derived from a 
relatively straightforward procedure, par- 
ticularly one that does not involve any 
iterative numerical cycles of uncertain 
convergence time. Also, the space con- 
straints may exclude multi-process models 
where the actual forecast is produced as a 
composite of several models run in 
parallel. 


(v) Robustness: The model will frequently be 


operating upon a time-series for which it is 
nonoptimal. Reasonable forecasts should 
be maintained under these circumstances. 
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(vi) Self-Initialisation: A preliminary _ par- 
ameter optimisation routine should not be 
included. Thus, general purpose initial 
values for the parameters are required 
which will give reliable forecasts even if a 
substantial amount of historical time- 
series data is not available from which to 
recursively update these initial estimates 
prior to real-time operation. 


(vii) Comprehensibility to management: For suc- 
cessful implementation, a forecasting sys- 
tem should make intuitive sense to the 
managers. This often means that some of 
the more abstruse mathematical ‘tricks’, 
e.g. certain prior data transformations, 
should be avoided as they are likely to be 
mistrusted in practice. 


Any particular forecasting situation will have 
its own natural characteristics, possibly includ- 
ing additional design constraints. Alternatively, 
it may be feasible to obtain a degree of relax- 
ation in some of the above constraints. Never- 
theless, research into the design of automated, 
multi-inventory control systems has, over the 
past 1S yr or so, worked with specifications 
close to the above list. This research has been 
predominantly concerned with various adapt- 
ive methods within the single exponential 
family, however. Examples of some of the more 
recent studies in this area are Adam [1], Eilon 
and Elmaleh [5], Gross and Craig [8], Mont- 
gomery and Johnson [13], Roberts and Why- 
bank [14]. Perhaps the most popular method 
in practice has been adaptive signal formula- 
tion of Trigg and Leach [16]. 

Whilst the single exponential methods have 
often proven themselves sufficiently robust for 
a wide range of applications, they can theoreti- 
cally only be optimal for a stationary process. 
In a situation where the time-series follows a 
linear trend, the application of single exponen- 
tial smoothing will produce biased forecasts. 
The family of double exponential predictions 
includes the optimal model in this case. 

The motivation behind this study was, there- 
fore, to compare several double exponential 
algorithms for automatic, online application. 
Such methods would be theoretically prefer- 
able to the adaptive single exponential smoo- 
thing for situations believed to be significantly 
characterised by trending data. The most 
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obvious class of applications is the multi-item 
inventory control system designed for expand- 
ing or declining markets. An application of a 
different kind, also subject to the online speci- 
fications, listed previously, lies in the minute- 
by-minute forecasting of the daily electricity 
demand cycles. The online, short-term forecast- 
ing model of the UK Central Electricity Gener- 
ating Board tracks the ratio of actual to 
planned demand at minute intervals during the 
day and uses estimates of this ratio to correct 
the short-term forecasts [6]. The major 
influences in these residual correction factors 
are temperature trends during the day and thus 
an adaptive trend following model is needed to 
track and forecast these factors. 

Research into double-exponential smoothing 
models has been reported in several more 
wide-ranging studies, but it seems that no 
specific comparison of several members of the 
family subject to the online design specifica- 
tions has appeared. In the non-automatic fore- 
casting context, members of the double expo- 
nential family have often been shown to per- 
form well against more elaborate methods such 
as ARIMA and spectral analysis, e.g. Chatfield 
[4], Groff [7]. Makridakis and Hibon [11]. 
The study described in this report was specifi- 
cally concerned with automatic forecasting, 
however. A comparison of five candidate 
models is reported in the following sections. 
These methods do not exhaust the possible 
algorithms irom the double exponential family, 
but it is hoped that they provide some insights 
into the types of behaviour characteristic of 
this general class of predictors. 

Further limitations of this study relate to its 
exclusion of seasonality and lead times longer 
than 1. Both of these properties can be very 
influential in modifying a method’s general effi- 
ciency. The reader is referred to Makridakis 
and Hibon [11] for an illustration of this point. 
The discussion appended to that paper is also 
most illuminating. 


METHODS 


Several of the methods evaluated were de- 
rived as extensions of the Trigg and Leach [16] 
method for single smoothing. The reason for 
this was the rather pragmatic one of potential 
implementability. With the general managerial 
acceptability of the Trigg & Leach [16] 
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method, it seemed that the practical appeal of a 
new method would be greater if it could be 
seen to relate to this method. Thus, the basic 
Trigg and Leach [16] method was also 
included in this study as a baseline, or control, 
procedure. 

Method 1: The adaptive single exponential 
smoothing procedure of Trigg and Leach [16] 
was included, not just as a control for the ex- 
periments but as a procedure in its own right. 
It is often the case that simpler forecasting 
models with fewer parameters perform better 
owing to the parameter estimation problems in 
the more complicated, optimal models. The 
algorithm used is very straight-forward, i.e. 

ror = M, (1) 

M, = M,-; + &(y — Yo) (2) 

where y, is the actual outcome of variable 
being forecast at time t, y, is the one-step ahead 
forecast of y,, M, is the smoothed mean esti- 


mate of y,, and «, is the smoothing constant, 
adaptively estimated as 


a, = |A,/B,| (3) 
where 

A, = Ay-1 + BX — Wy) (4) 

B, = B,_, + Bly, — Jr (5) 

The parameter f is a constant, conventio- 
nally taken as 0.1. Initial values for Ap, Bo and 
Mg were all taken as zero. 

Method 2: The general model for double 
exponential smoothing can be expressed as an 
extension of the formulation above in the 
terms, 


Dros = M, + b, (6) 

M, = M,-; + 5-1 + Ail — Fy) (7) 

b, = b,-, + Ax(y, — ) (8) 

where b, is the estimate of the increment in the 

mean level per unit time (trend) and A,, A, are 

smoothing constants for the mean and trend 

respectively. The paper by Harrison [9] dis- 

cusses many aspects concerning the optimality 

of A, and A, and suggests that determining A, 

as a function of A, may be a more effective 
procedure than its independent assessment. 

Following Brown [2], conditional upon Aj, 

the variance minimising estimate of A, is given 

by 


A, =(1 —(1 — A,)*? (9) 


Given this functional relationship, the model 
is reduced to a single parameter formulation 
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with the attention now focused upon estimat- 
ing A,. This parameter is essentially the smoo- 
thing constant for the mean. It is attractive, 
therefore, to use the Trigg and Leach [16] 
method of estimating A,, analogous to method 
1, thus making method 2 a readily comprehen- 
sible extension of the baseline model. 

Method 3: Although no results were 
reported, Trigg and Leach [16] mentioned that 
in their experience, method 2, proved to be 
subject to some instability such that better per- 
formance could be achieved just by setting A, 
equal to 0.1. Method 3 in this study therefore 
took up this suggestion. 

Method 4: This method is similar in spirit to 
method 2 except that a different functional re- 
lationship is used, namely, 


A, = Ai/(2 — A,) (10) 


The reasoning behind this is a little oblique. 
Following the analysis of Harrison [9], the 
above relationship gives the maximum value 
that the optimal, independently derived, A; 
could take, conditional again upon A,. With 
some investigations reported elsewhere [3] 
suggesting that in adaptively forecasting a con- 
stant mean, the Trigg and Leach [16] estimates 
for the smoothing parameter (A, in this case) 
will be biased down from the optimal, the func- 
tional relationship of equation 10 may give a 
better A, than equation 9. 

Method 5: There is a large class of adaptive 
methods based upon algorithms for switching 
between different fixed parameters, cf Montgo- 
mery and Johnson [13]. A relatively simple 
version from this class comprises method 5S. 
Five methods are run in parallel with the par- 
ameters fixed according to the square design 
shown in Fig. 1. The length of the sides of the 
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square are 0.1. The central model thus differs 
from the other four by +0.05 for A, and A), 
and is the one actually reported for prediction. 
After each forecast becomes realised, the errors 
from each of the five models are compared and 
the one with the smallest becomes the new cen- 
tral model. 

There are many more elaborate versions of 
this approach available. However, the original 
online specification design should be recalled. 
To an extent, being a multiprocess model, this 
formulation is in violation of the specification 
but since each of the five parallel models is the 
simplest constant parameter version of double 
smoothing, it may still be considered to meet 
the computational economy constraints. 

Method 6: The state variable formulation for 
the general underlying data-generating process 
can be represented as 


(11) 
(12) 
(13) 


V= MW + 
Me = M-1 + BL + 
B, = Br-1 + 6, 


where py, is the mean at time ft, B, is the slope 
increment at time t, and €,, y, and 6, are 
pendent white noise terms, mean zero and vari- 
ances R, Q,, Q2 respectively. 

The optimal (variance minimising) linear 
recursive estimator, j, of y, can be expressed as 
a Kalman filter according to the usual algor- 
ithm, e.g. Harrison and Stevens [10] 


jy, = M, + b, 
where 
M, = M,-; + by-1 + Ki(e-1 — Sr-1) 
b, = by + K2(ve-1 — Sr-1) 


(14) 


(15) 
(16) 


This formulation is thus equivalent to the 
double exponential smoothing procedure of 
equations 6, 7 and 8 with the ‘Kalman filter 
gains’ K,, K, analogous to A, and A). The 
parameters K, and K, are determined accord- 
ing to the algorithm described in the Appendix. 


EXPERIMENTS 


Four experimental situations were set up to 
test the behaviour of the six models under con- 
ditions of no trend, a slight trend, a strong 
trend and a noisy random trend respectively. 
Each experiment consisted of a simulated time 
series of length 100, sampled 100 times. 
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Experiment 1: 

NW =€ 
where €, is Normal, mean zero, variance 1. 
Experiment 2: 


y, = Olt+e, 
where e, is Normal, mean zero, variance 1. 


Experiment 3: 

y, =t + €; 
where €, is Normal, mean zero, variance |. 
Experiment 4: 


Y= he te 
Me = My-1 +Bi+% 
B, = B,-1 ks 


where €,, y, and ¢, are all independent, 
Normal, mean zero, variance 1. 

All of the noise terms were determined by 
independent Monte Carlo sampling of Normal 
variates according to the usual Box—Muller 
procedure. Given independent random 
numbers, r,, r,, between zero and one, 


€, = (log(1/r,))#(cos(2 zr) 
and similarly for y, and ¢, 
In all cases t ran from 1 to 100 and this 
series was simulated 100 times. 


(38) 


OBSERVATIONS 


Tables 1, 2, 3 and 4 give the one-step ahead 
mean squared forecast error (based upon 100 
simulations), at intervals of 5 along the time 
sequence, for each of the four experiments, i.e. 


s(j,t) = ZEY(y(i,j, 0) — Fli,j, 97/100 (39) 
where y(i,j,t) and (i,j, t) are the actual and 
forecast values respectively for simulation 
number i of model j at time index t. Note that 
the reported Tables only give s(j,t) for t = 5, 
10, 15,... etc, to t = 100. Given the number of 
experiments and simulations undertaken, the 
limitations of the generality of any observa- 
tions must be clearly borne in mind. However, 
certain insights can be taken. 

Table 1 indicates the performance when 
there is no trend present. Under these circum- 
stances, the single exponential smoothing 
model of Method | was superior, thus confirm- 
ing the virtue of parsimonious parameterisa- 
tion. Even though single exponential smooth- 
ing is a special case of double smoothing, 
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TABLE |. SIMULATION EXPERIMENTS WITH A CONSTANT PROCESS 





Method | Method 2 


Method 3 


Method 4 Method 5 Method 6 





0.458865 
0.541815 
0.761393 
0.624832 
0.52233 

0.664687 
0.515226 
0.490159 
0.638221 
0.625592 
0.671855 
0.823623 
0.512664 
0.528346 
0.673847 
0.626563 
0.583754 
0.524956 
0.509425 
0.675126 


0.478142 
0.586028 
0.874374 
0.673881 
0.622433 
0.765439 
0.584459 
0.549445 
0.753872 
0.786834 
0.807103 
0.964283 
0.684256 
0.687572 
0.779062 
0.746407 
0.681091 
0.624512 
0.573712 
0.795963 


0.580028 
0.730481 
1.04445 

0.942614 
0.699924 
0.844707 
0.642222 
0.644561 
0.878312 
0.870048 
0.916632 
1.03636 

0.698068 
0.823283 
0.859782 
0.829753 
0.87258 

0.762983 
0.742793 
1.04357 


0.478202 
0.631245 
0.996165 
0.763933 
0.766069 
0.89098 

0.669579 
0.604379 
1.02354 

0.954534 
1.04752 

1.13016 

0.920635 
0.929003 
0.965075 
1.08999 

1.00985 

0.844699 
0.795658 
0.911327 


2.14884 
2.27718 
2.01357 
1.93724 
1.20134 
1.61726 
1.08722 
1.0601 
0.920713 
0.979934 
1.31069 
1.27929 
0.826288 
0.89649 
0.934803 
1.03931 
1.05406 
0.909603 
0.848613 
1.30579 


1.75275 
1.8645 
1.75234 
1.49949 
0.971834 
1.46795 
1.30188 
1.15858 
1.13926 
1.19488 
1.48397 
1.07919 
1.26262 
1.21884 
1.27558 
1.13357 
1.12823 
0.830046 
0.980044 
1.34401 





using the more general models introduce extra 
parameter estimation errors which can reduce 
their effectiveness. This point is emphasised 
even more clearly in Tabie 2 where the same 
ranking of the methods is evidenced although 
the underlying series contained a slight, but 
significant trend. In both of these cases method 
2 outperformed all other double exponential 


models, with no evidence of it having greater 
instability than method 3 as suggested by Trigg 
and Leach [16]. 

With a stronger trend, Table 3 shows how all 
the double exponential models outperform 


method 1, with method 2 still remaining top of 
its class. Table 4 gives some results for a pro- 
cess with a strong random trend also subjected 
to a random walk element. In this case, the 
point of Trigg and Leach’s suggestion [16] is 
made as method 3 now performs better than 
method 2. Note, also, how method 5 attains a 
clear superiority after 20 or so observations. In 
none of the experiments did the Kalman model 
of method 6 perform particularly well. It is sug- 
gested that this is mostly attributable to the 
large sampling errors associated with the vari- 
ance estimation procedure. The task of estimat- 


TABLE 2. SIMULATION EXPERIMENTS WITH A SLIGHT TREND 





Method | Method 2 


Method 3 


Method 4 Method 5 Method 6 





0.612989 
0.646059 
0.811734 
0.734001 
0.544077 
0.73137 

0.54886 

0.546586 
0.680558 
0.645179 
0.687039 
0.876829 
0.540126 
0.601761 
0.619281 
0.704714 
0.586676 
0.619812 
0.552082 
0.754969 


0.624815 
0.620477 
0.940108 
0.680074 
0.639583 
0.784195 
0.559341 
0.547897 
0.760925 
0.776705 
0.80198 

0.96623 

0.681244 
0.68235 

0.778021 
0.74472 

0.680164 
0.624847 
0.575688 
0.793339 


0.671101 
0.722743 
1.03336 

0.945658 
0.696473 
0.839126 
0.639753 
0.643559 
0.876141 
0.87346 

0.916892 
1.03627 

0.698111 
0.823868 
0.859698 
0.830037 
0.865964 
0.76271 

0.742948 
1.04337 


0.631663 
0.671491 
1.09722 
0.831422 
0.804569 
0.964701 
0.698237 
0.616818 
1.04955 
0.973898 
1.05545 
1.13117 
0.918131 
0.93904 
0.943482 
1.09706 
1.00956 
0.836533 
0.8029 
0.925361 


2.13827 
2.30052 
2.02274 
1.94592 
1.17119 
1.60956 
1.08749 
1.0471 
0.903475 
1.01675 
1.35197 
1.27892 


1.75715 
1.86191 
1.75413 
1.49857 
0.971563 
1.46857 
1.30067 
1.15753 
1.14027 
1.19537 
1.48333 
1.07978 
1.26295 
1.21966 
1.27534 
1.13274 
1.12822 
0.830194 
0.980005 


1.32998 1.34393 
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TABLE 3. SIMULATION EXPERIMENTS WITH A STRONG TREND 





Method 1 Method 2 


Method 3 


Method 4 Method 5 Method 6 





6.34855 
3.11634 
2.45468 
2.59006 
1.99346 
2.58057 
1.90388 
2.06223 
1.90193 
2.28327 
2.09232 
2.07649 
1.95047 
2.03957 
1.79137 
2.22888 
1.78072 
2.14787 
1.99478 
2.37294 


2.56629 
0.712978 
1.03342 
0.880816 
0.686482 
0.793111 
0.549155 
0.5586 
0.762297 
0.740769 
0.780152 
0.960525 
0.661777 
0.676538 
0.773488 
0.747696 
0.680583 
0.625642 
0.580552 
0.788099 


2.07358 

0.80356 

0.870203 
0.842301 
0.645756 
0.811279 
0.590737 
0.609545 
0.867635 
0.865202 
0.910343 
1.03084 

0.690915 
0.823673 
0.857144 
0.827769 
0.864595 
0.762314 
0.742993 
1.04226 


1.99417 
1.15852 
1.65736 
0.97587 
1.03864 
1.0474 
0.759884 
0.646705 
0.942187 
1.04879 
0.994057 
1.07615 
0.906146 
0.909685 
0.926442 
1.07549 
0.986349 
0.836817 
0.787594 
0.931556 


2.20426 
2.33867 


1.78809 
1.84995 
1.77329 
1.50156 
0.975885 
1.46419 
1.30109 
1.14234 
1.14175 
1.19968 
1.47934 
1.08682 
1.26068 
1.22686 
1.27126 
1.12947 
1.12894 
0.833257 
0.978683 
1.34547 


0.970822 
1.08425 
1.32914 
1.26374 
0.799699 
0.83086 
0.942817 
1.02114 
1.03886 
0.987619 
0.852521 
1.24207 





ing three variance terms recursively from one 
observation is clearly a major obstacle to the 
effective implementation of this particular Kal- 
man filter for online, automatic forecasting. 
The simpler Kalman filter for nontrending data 
is a viable alternative to single exponential 
smoothing, however [3]. 

In general, the value of simple methods has 
been shown in this study. In situations where 
the trend term is slight compared with random 
noise, the single smoothing model may be 
expected to be more robust than the double 
and perform better. Where the trend term is 


more significant, the relative performance of 
the double exponential methods may depend 
upon the extent to which the series is subject to 
random shocks and changes in trend. If it is 
relatively well-behaved with low noise, then 
method 2 may perform best, whereas if there 
are many random shocks, the choice may be 
method 5, or one of its elaborations. 

It should finally be emphasised that the pur- 
pose of this study was not to isolate the ‘best’ 
general purpose double exponential procedure 
suitable for blind online application. Such an 
exercise is futile given the diversity of forecast- 


TABLE 4. SIMULATION EXPERIMENTS WITH A Noisy STEP AND SLOPE PROCESS 





Method | Method 2 


Method 3 


Method 4 Method 5 Method 6 





3.79147 
5.62689 
5.43702 
5.7578 
5.81776 
6.14145 
5.51164 
6.67366 
5.71197 
7.07455 
9.88827 
8.71712 
8.34013 
10.6886 
10.5542 
10.3112 
10.8995 
12.5523 
13.7752 
12.4216 


2.98661 
3.04795 
3.81108 
3.9676 

3.82462 
3.53742 
4.16325 
2.94617 
3.94767 
3.85981 
3.56261 
4.07315 
3.69908 
3.98271 
3.23409 
3.2809 

3.0123 

3.95784 
5.14634 
3.37064 


2.21224 
2.47163 
3.07586 
3.08811 
3.11702 
2.85582 
2.55349 
2.57792 
2.7604 
2.54767 
2.60972 
3.58479 
2.43363 
3.183 
2.25914 
2.37599 
1.75003 
3.33823 
2.84829 
2.56889 


2.8577 

3.18795 
4.65756 
3.96672 
4.28028 
4.41686 
4.2725 

3.56672 
5.30988 
4.28158 
3.28685 
4.39447 
4.19196 
3.81404 
4.31613 
3.82626 
3.34455 
4.58629 
4.38354 
3.70068 


2.93021 
2.66232 
2.95798 
1.60973 
2.37073 
1.59435 
1.86718 
1.80462 
1.79964 
1.60576 
1.52249 
2.05663 
1.40795 
1.88752 
1.69069 
1.86163 
1.50086 
1.76633 
1.42041 
1.56818 


2.36413 
1.95036 
2.9786 

1.9908 

2.6582 

2.36799 
2.77614 
4.33689 
3.86598 
1.95768 
2.98926 
4.90649 
4.12686 
5.00918 
6.15179 
5.66421 
3.3885 

2.92938 
2.70618 
3.11104 








Omega, Vol. 8, No. 4 491 


ing situations and the extent to which a 
model’s performance depends upon the idio- 
syncracies of its user. Rather, it is hoped that in 
reporting this study, the potential designer of 
an online forecasting system will have gained 
some further insights into the available models 
and some basis for selecting his short-list of 
candidates for his particular system design. In 
the long term, a forecasting model’s effective- 
ness in practice will be more a function of the 
confidence of managers in its formulation and 
their understanding of its limitations than its 
relative accuracy in certain contrived experi- 
mental situations. It is important that a fore- 
casting system should be an extension of the 
manager’s reasoning, not a competitor to it. 
Thus, this study has looked for insights, not a 
definitive selection of the best general purpose 
predictor. 
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APPENDIX 


The Kalman filter gains are computed recursively 
according to the algorithm, 


K, = R,/V4 
K, = R3/V4 


(17) 
(18) 
V,=R,+R (19) 
R, = V; + V2 +2V3+Q; + Q2 
R, =, +Q, 

Ry = V, + V3 + Q2 


Initial estimates for R, Q,;, Q2 are required and also for V;, 
V, and V3, the variance of M,, b, and their covariance 
respectively. It is usual to take large initial estimates for 
V,, V, and V3. Thereafter they can be revised recursively 
as 


(20) 
(21) 


V, =R, — K?V, 
V, = R, — KiV, (24) 
V;=R,-—K,K, Vs (25) 


The variance terms R, Q; and Q, were recursively esti- 
mated according to the procedure of Toyoda et al. [15]. 
Let 


(23) 


Vy — 2-1 + Ve-2 (26) 
W-1 — 2-2 + Vi-3 

= W-2— 2-3 + V-«4 
then, after n observations 

R = <7., U,W,/n 
and using this estimate of R 

Q, = —(Z7., U,V,/n) — 4R 
Furthermore using these R and Q, 


Q2 = (Z7.-, Ur) — 6R — Q, 


(29) 


(30) 


(31) 


This variance estimator for R, Q, and Q, meets the com- 
putational constraints but the experience of Toyoda et al. 
[15] shows its performance leads much to be desired. 
Computationally more elaborate procedures are available 
including the multi-process approach of Harrison & Ste- 
vens [10], but these fall outside the scope of this study for 
reasons of computational economy. 


ADDRESS FOR CORRESPONDENCE: DW Bunn, Department of 
Engineering Science, University of Oxford, Parks Road, 
Oxford OX1 3PJ, UK. 








OMEGA The Int. J! of Mgmt Sci., Vol. 8, No. 4, pp. 493 to 497 
© Pergamon Press Ltd 1980. Printed in Great Britain 


0305-048 3/80/0701 -0493802.00/0 


Planning a Crude Oil Supply System 
Through Simulation 


PRADEEP BATRA 


Atlantic Richfield Company, California, USA 


(Received April 1979; in revised form October 1979) 


This paper will describe the planning of a marine terminal that will supply the water borne crude 
requirements of an oil refinery. The refinery has experienced a major shift in supply from domestic 
pipeline crudes to foreign water borne crudes delivered by increasingly large tankers. Sufficient 
tankage does not exist at the refinery to allow proper segregation, handling and fluctuations in 
inventory levels caused by the size and uncertainty of tanker arrivals. The major steps involved in 
this analysis included developing and evaluating alternative proposals for new tankage at the terminal 
and the refinery. For this purpose, a model was built to simulate the proposed marine terminal and 
crude deliveries to the refinery. This combined discrete/continuous simulation model was then used 


to determine the optimal proposal for tankage. 


BACKGROUND AND OPERATING 
RULES 


THE PROPOSED marine terminal, which is 
about 30 miles from the refinery, will supply 
crude oil to the refinery through a large diam- 
eter pipeline. The dock at the marine terminal 
will be constructed to unload two lightered 150 
MDWT vessels docked simultaneously. The 
current plans are to build sufficient tankage at 
the terminal and refinery to handle the foreign 
water borne crudes. 

Because of the long distances between the 
proposed terminal and the crude supply 
sources, it is highly likely that the tankers will 
not arrive according to schedule. An early or 
late arrival of a large tanker causes large 
swings in inventory levels and thus swings in 
tankage needs. Thus, if a tanker arrives early, it 
incurs a large amount of demurrage due to its 
size because it has to wait until enough of the 
crude inventory is processed to allow the cargo 
to be unloaded. Also, if the tanker is late, the 
refinery may have to slow down production. 
Consequently, the question of how much tank- 
age should be built at the terminal becomes 
critical. Other factors affecting tankage require- 
ments include: lightering and docking oper- 
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ations for the tankers, unloading rates, disrup- 
tions caused by adverse weather conditions, 
and the operating rules for the marine terminal. 
A summary of the various factors that were 
considered in the simulation model follows: 


Sources and cargo size 


The expected future crude oil supply sources 
for the marine terminal were used to develop a 
distribution for the tanker sizes that would ser- 
vice the proposed marine terminal. Also, 
because of the uncertainties associated with 
tanker arrival patterns, an arrival distribution 
was developed for each of the sources to simu- 
late the tanker arrival pattern at the terminal. 

The arrival pattern that was developed for 
this proposed marine terminal was based on 
estimates developed by the Supply and Co- 
ordination function on the distribution of the 
size of the tankers. A similar arrival pattern 
was developed and tested for an existing mar- 
ing terminal facility handling similar sized 
vessels and replicated the actual arrivals very 
closely. 


Lightering and docking 
Because of water depth limitations, the 
150 MDWT tankers have to be lightered before 
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entering the channel. A lightering operation 
involves pumping off a partial load from the 
larger vessel into a smaller tanker that is gener- 
ally known as the lightering vessel. 

Tankers queue for entering the marine ter- 
minal. Tankers are removed from this queue 
when a berth and adequate tankage are avail- 
able for unloading. Appropriate time distribu- 
tions were developed for docking, undocking 
and channel trips. 

Unloading 

The docked tankers unload into a tank farm 
that has dedicated tankage available for each 
of the crude segregations being handled at the 
terminal. The tanker is connected to the appro- 
priate storage tank and starts unloading. The 
unloading rate of a tanker is a function of the 
tanker pumping units, with the maximum rate 
being limited by the capacity of the unloading 
lines. 

If the tank being filled reaches capacity, the 
tanker unloads to another partially filled or 
empty tank (dedicated for like crude service), if 
one is available, or else it waits at the dock 
until the tank level drops down to 90% of 
working capacity. At this time, the tanker can 
continue unloading until it becomes empty. 
The empty tanker then ballasts, deberths and 
leaves the channel. 


Fog and storms 


During certain months in the year, adverse 
weather conditions disrupt lightering, docking 
and undocking operations for the duration of 
the fog or storm. Based on historical weather 
conditions, a distribution was developed to 
model the occurrence and duration of fog and 
storms. 


Tank farm operation 

The tank farm will receive 3 segregations of 
crudes. One proposal called for pumping these 
crudes straight through to the refinery as each 
crude type is unloaded from the tanker. 
Another proposal is to blend two grades of 
crude in line in a given proportion, resulting in 
two segregations of refinery tankage. In a third 
proposal, the crude oil will be pumped rateably 
to the refinery; i.e. alternate between pumping 
one day’s refinery demand for one crude and 
then one day’s refinery demand for the second 
crude type until the refinery tankage for a 
given crude type is filled up, or a given crude 
type has run out at the terminal. If either of the 
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above two end conditions are reached for a 
given crude type, then continue pumping the 
other crude type. The pumping to the refinery 
stops when the end conditions are reached for 
both crude types. 

The latter set of operating rules were incor- 
porated in the Simulation Model. 


SIMULATION MODEL 


The purpose of developing a simulation 
model is to duplicate the operating conditions 
of the terminal and the refinery. For a given 
scenario and set of tank farm operating con- 
ditions, the model can be used to simulate the 
terminal and refinery operations over a period 
of time. 

Statistical information on queue sizes, 
demurrage costs, dock utilization, refinery 
drawdown etc., can be generated. Similarly, ad- 
ditional scenarios can be evaluated and the 
new statistics gathered and compared with 
results from earlier runs. 

The simulation model was written in sIM- 
SCRIPT II.5 and is of discrete/continuous type. 
The model took about 6 months to develop 
and debug. Most of the difficulty encountered 
in this phase was validating the model, i.e. the 
operating groups had to be convinced that the 
model was replicating the proposed operations 
under varying set of operating conditions. The 
discrete events are tanker arrivals, docking, 
undocking etc. The continuous part of the 
model is monitoring of tanker levels and tank- 
age levels at the various tanks at the terminal 
and the refinery. The events of interest included 
in the simulation model are: 


Tanker arrival 

Tanker finishes lightering 

Tanker begins docking 

Tanker ends docking 

Tanker starts unloading 

Tanker finishes unloading 

Tanker starts undocking 

Tanker ends undocking 

Begin flow to refinery 

End flow to refinery 

Refinery tank is filled—stop pumping 
End rateable delivery 

Stop lightering, docking and undocking due 
to fog or storm 


The above events are used to replicate the 
daily operations of the terminal. For simula- 
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tion control, monthly and yearly reports are 
generated and the simulation is stopped at the 
end of a predetermined time span. 

In each of the cases examined, the model 
assumes that the refinery has unlimited tank- 
age available to receive crude from the ter- 
minal. However, the existing refinery nominal 
capacity is finite. Let us assume it is 2 million 
barrels. A previous analysis indicated that an 
economic balance between inventory cost (tank- 
age construction and working capital) and re- 
finery run-out cost is reached when the refinery 
is allowed to shut down 0.5% of the time. This 
assumes that the refinery operates at 100% 
of capacity and lost production cannot be 
regained. ARCO’s refineries have been running 
close to 100% of capacity and the manufactur- 
ing group does not want production plans dis- 
rupted because of inadequate storage ca- 
pacities. Consequently, no sensitivity runs were 
made to let the refineries run out more fre- 
quently. In reality, the refinery slows down 
when there is a short supply of crude. How- 
ever, for our analysis we have translated slow 
down into shut downs. Consequently, in the 
simulation runs, only those cases will be con- 
sidered when the refinery inventory drawdown 
exceeds refinery inventory capacity at most 
0.5% of the time. 

At the marine terminal, tankage for the 
various crude types is allocated at arbitrarily 
low levels. An initial simulation case was run 
and the various statistics including the total 
annual demurrage were obtained. Subse- 
quently, the tankage at the terminal was incre- 
mented in discrete sizes (the minimum size of 
the tank that will be built at the terminal). The 
simulation model was then re-run and the 
resulting savings in demurrage cost compared 
to the previous case observed. The savings in 
demurrage resulting from each incremental 
tank is then compared with tankage construc- 
tion cost. When the savings are less than the 
construction cost, the optimal tankage for this 
crude type is then determined. This analysis is 
then repeated for each of the crude segrega- 
tions at the terminal. 


RESULTS AND RECOMMENDATIONS 


The numbers used in this section to illustrate 
the results of our analyses are purely exem- 
plary. 


495 


A 3 yr period for the length of the simulation 
run was determined to be optimal from the 
viewpoint of reliability and replicability of the 
model results. 

In the base case, total tankage at the ter- 
minal is 2.4 million barrels appropriately dedi- 
cated between the various crude types. For the 
base case, the starting inventory at the terminal 
is 0. When this case is run for a 3-yr period, the 
total demurrage cost incurred is $1.2 million 
and the drawdown at the refinery is 2.235 mil- 
lion barrels. Since this is greater than the avail- 
able tankage at the refinery (2 million barrels), 
this case is infeasible. 

In the next case, we start with a higher start- 
ing inventory at the terminal since this will 
reduce the drawdown at the refinery. When the 
inventory at the terminal is set to one day’s 
consumption for each crude type, the draw- 
down at the refinery is approximately 2 million 
barrels and consequently, this case is feasible. 
For subsequent runs, the starting inventory at 
the terminal is fixed to this level. 

In subsequent runs, the tankage for the 
various crude types is incremented, separately 
in discrete steps of 300 MB. The results are 
summarized in Table 1. The optimal tankage 
recommendation is made in Table 2. 

The sensitivity of the solution is indicated in 
Table 1. Once a feasible case is obtained, for a 
given set of conditions, then we increment tank- 
ages in discrete steps of 300 MB. If the savings 
in demurrage cost were greater than the annual 
amortized cost of this 300 MB tank (approx. 
$400 M), the additional tank was justified. 
Notice that in 2, the savings were greater than 
$400 M. Case 3 is marginal, because the sav- 
ings are close to the annual cost of the tank. 
However, in case 4, the savings drop far below 
the cost of an additional tank. When a sub- 
sequent tank is added for crude type Al or B, 
the savings drop down to $30M and $15M 
respectively. 

This optimal alternative saved $15 million 
over an earlier evaluation of tankage needs. 
These savings resulted from a recommendation 
that additional tankage be built at the terminal 
rather than at the refinery, and from proposing 
operating rules that would be more cost effec- 
tive to the total Company. The rules proposed 
by the Marine Transportation group that were 
subsequently modified as a result of the simula- 


_ tion analysis included the docking of ships at 
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TABLE 2. OPTIMAL TANKAGE CONFIGURATION OF 
MARINE TERMINAL 





Dedicated service Tankage (Nominal Capacity) 





Al 1-600 M, 1-300 M 
A2 1-600 M 
B 2-600 M 

Total 2700M 





the terminal, crude segregations at the tank 
farm and pumping of crude to the refinery. For 
example, the earlier proposal was to pump the 
entire shipload through the tank farm to the 
refinery tankage. A more cost-effective pro- 
posal developed in terms of reducing total 
tankage requirements was to pump crude oil to 


the refinery rateably. By rateably we mean 
pump alternatively 1 day’s demand of sour 
crude and then | day’s supply of sweet crude. 
The objective here is to keep the refinery sup- 
plied with both crude types and at the same 
time keep the refinery tanks full and the tank 
farm tank empty. (This may be achieved 
because pumping capacity from the tank farm 
to the refinery was much greater than the daily 
refinery demand for foreign crude.) These 
recommendations were approved by manage- 
ment and construction has begun. 


ADDRESS FOR CORRESPONDENCE: Pradeep Batra, Esq, Atlan- 
tic Richfield Company, 515 South Flower Street, Box 
2679—TA, Los Angeles, California 90051, USA. 
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EDITORIAL 


Rediscovering the Technological 
Foundations of Industrial Competitiveness 


THE LONG dominance of industrial development by technological 
advances and by the engineers who generated and understood them 
began to give way early in the Twentieth Century. A growing excess of 
productive capacity relative to effective demand encouraged greater 
emphasis on marketing and on associated specialists. Continuing in- 
creases in the size and complexity of industrial firms in turn intensified 
the need for specialists in raising capital and in applying effective 
financial controls. And within recent decades, the increasing impact of 
government policies on industrial performance has encouraged 
enhanced reliance on this new sector of specialization. As a result, 
there has been a dangerously prolonged under-emphasis in a wide 
array of Western industries on supporting vigorous development of 
their technological capabilities. 

Such past shortcomings have involved inadequate investments in 
modernized and new facilities which embody technological advances 
already in successful use by some producers; and such lagging efforts 
to catch up with past advances have also been accompanied by de- 
creasing commitments to long term research and development pro- 
grams seeking further major technological advances. These decisions 
have represented understandable managerial responses to the press- 
ures from capital markets for increasing profitability in the short-run. 
After all, widely used capital budgeting techniques evaluate alternative 
proposals on the basis of the relative net present value of their 
expected profits, after discounting such returns for the periods likely to 
elapse before they are received. Hence, delays of even four years before 
major new facilities can be constructed, made to function effectively, 
and brought to high levels of utilization tend to result in net present 
values at current discount rates which invite rejection. And the even 
longer periods and greater risks involved in R & D efforts to achieve 
major technological advances tend to result in even less attractive net 
present values. 

But such seemingly rational evaluation techniques suffer from a 
myopic point of view. In seeking to choose the most attractive among 
current proposals on the basis of net present values, they fail to con- 
sider the long term effects of successive rejections of all sources of 
major advances in technological capabilities. Progressively increasing 
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competitive disadvantages in respect to productive efficiency and costs, 
or in respect to the service capabilities of products, cannot be over- 
come for long even by intensified marketing efforts. Nor can resulting 
shortcomings in sales and profits be overcome for long by financial 
expedients. Technological competitiveness alone may not be enough, 
for effective marketing and financial operations are obviously impor- 
tant. But technological competitiveness is essential for survival on an 
economic basis. Government subsidies and other forms of aid may, of 
course. offset technological and even marketing inadequacies for 
extended periods. Recent developments in Europe suggest, however. 
that governments too may lose patience with continuing ineffectuality 
and turn to drastic readjustments. 

In short, many industrial managements might well consider begin- 
ning their long range planning with a definition of technological im- 
provement objectives and then redefining marketing strategies and 
financial requirements in accordance with resulting planned changes in 
technological capabilities. The reverse sequence which has long pre- 
vailed— of limiting technological improvement efforts to what can be 
funded after first estimating financial availabilities and marketing 
potentials on the assumption of continuing inadequate technological 
progress no longer seems a viable approach. 

The redirection of managerial policy formulation and decision- 
making in favor of a greater emphasis on increasing technological 
capabilities involves heavier demands for the evaluation of alternative 
means of promoting such advances, for monitoring progress in imple- 
menting adoption decisions, for appraising the causes of deviations 
from expected benefits and for assessing resulting experience as a basis 
for improving the management of these critical determinants of future 
competitiveness. Unfortunately, the analytical foundations for provid- 
ing useful guidelines for such efforts are still very limited and highly 
vulnerable. This results partly from the ubiquitous tendency to 
approach new problems with the over-simplified concepts and tools 
which reflect ignorance of the complexities to be confronted, and 
partly from the temptation to premature generalization on the basis of 
only preliminary explorations. 

This collection of papers seeks to improve understanding of some of 
the difficulties to be dealt with and to suggest some means of overcom- 
ing them. It is based entirely on empirical studies during the past few 
years conducted as one of the major foci of the Research Program in 
Industrial Economics of Case Western Reserve University. 


Research Program in Industrial Economics BELA GOLD 
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Attention is directed first to the external as well as the internal contexts within which prospective 
innovations are evaluated. Turning to the actual decision-making processes, a review of the evalua- 
tional bases for decision is followed by consideration of how these lead to actual decisions and often 
to subsequent revisions of the original decisions. The final section is concerned with some common 
shortcomings of prevailing approaches to evaluating the post-installation effects of technological 
innovations in industry. It also offers some suggestions for improving such efforts and for using such 
improvements to enhance the effective appraisal of future innovations. 


THE TECHNOLOGICAL competitiveness of 
firms and industries is determined not by the 
rate at which significant innovations are devel- 
oped, but by the extent to which they are 
applied to commercial operations. The impor- 
tance of such adoption decisions is further 
emphasized by the fact that evidence of resist- 
ance to the utilization of demonstrably effective 
technological advances tend to discourage 
managerial commitments to risky and costly 
efforts seeking additional advances. 

Widespread recognition of the importance of 
understanding the factors affecting adoption 
decisions is apparent from .the considerable 
array of publications dealing with them. Unfor- 
tunately however, most of these have provided 
only very limited, and even misleading, insights 
into the determinants of actual decisions about 
specific innovations in real firms. Such inade- 
quacies seem to have been due in large 
measure to an understandable, but nevertheless 
crippling, premature emphasis on the formula- 
tion of broadly applicable generalizations. This 
has encouraged reliance on relatively super- 
ficial concepts and methodologies as well as on 
highly vulnerable samples both of statistical 
data and of managerial judgments. 


It would appear useful, therefore, to review 
the key shortcomings of findings published so 
far and to add the tentative results of an exten- 
sive array of empirical studies conducted by 
our Research Program in Industrial Econ- 
omics. These may help to highlight the urgent, 
but still unmet, needs of policymakers in 
industry and government who are concerned 
with re-invigorating the technological competi- 
tiveness of producers. The related analysis and 
discussion may also help to meet several other 
needs, including: the correction of misleading 
expectations concerning diffusion rates; the 
displacement of erroneous measures of the 
‘satisfactoriness’ of such rates; the provision of 
a more systematic framework for managerial 
evaluations of prospective innovations; and the 
development of more effective guides for 
governmental efforts to determine which tech- 
nological innovations should be encouraged to 
diffuse more rapidly, or more fully, and also to 
devise incentives to promote such objectives. 


ON THE DECISION- 
MAKING CONTEXT OF 
INNOVATION EVALUATIONS 


Most research on innovation—adoption de- 
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cisions and on diffusion rates has been 


seriously undermined by overly-restricted as 
well as unrealistic conceptions of both the 
external and internal aspects of the decision- 
making framework that is involved. 


The external context: simplifying assumptions 
versus realities 


Most econometric models of the diffusion of 
technological innovations are based on the er- 
roneous conception that the diffusion process 
is like filling a bottle. Thus, it is supposed that 
a specific innovation is progressively adopted 
by an unchanging and essentially homo- 
geneous population of potential users. Such 
prospective users are assumed to have fixed 
and basically similar objectives, operations, 
products, decision processes and evaluative cri- 
teria; and they are expected to differ signifi- 
cantly only in respect to their respective esti- 
mates of the technological risks and profitabi- 
lity of the innovation, the availability to each 
of the capital required for adopting it, and the 
attitudes of their managements towards tech- 
nological and other innovations in general. 
Accordingly, diffusion rates are expected to 
change over time as a result of adjustments in 
the costs of adopting the innovation and in the 
availability of capital to non-adopters. In ad- 
dition, the proportion of adopters is expected 
to increase with evidence of decreasing techno- 
logical risks and also with growing competitive 
pressure from earlier adopters. 

But each of the fundamental elements of this 
conception is unrealistic. First, far from being 
essentially fixed, almost every technological 
innovation in industry undergoes numerous 
significant changes in its service capabilities 
with time. These may affect such factors as re- 
liability, operating flexibility and _ efficiency, 
precision and other aspects of the quality of 
performance, applicability to specialized pur- 
poses, and hazards in use. Moreover, these are 
usually accompanied by changes in investment 
requirements and operating costs. Hence, ‘the 
innovation’ seems to be a fixed entity only to 
those who are ignorant of its technology and 
specific applications. To the engineers who 
seek to increase diffusion of the original inno- 
vation by improving and adapting it to the 
needs of expanding sectors of prospective 
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users—and there may be hundreds or even 
thousands of technical specialists among the 
domestic and foreign firms involved in relevant 
development efforts—the innovation’ consti- 
tutes a system of continuously changing poten- 
tials and limitations. 

It should also be noted in this connection 
that the variety of forms and capabilities and 
economic effects involyed in the metamor- 
phosis of any major technological innovation 
pales in comparison with the staggering diver- 
sity encompassed by the term ‘technological 
innovations’. The fact that these may differ in 
respect to virtually every characteristic which is 
likely to have economic effects further 
undermines the persuasiveness of the numerous 
studies which have sought to derive general dif- 
fusion patterns and general models of adoption 
decisions on the basis of oddly assorted, as well 
as miniscule, samples of technological innova- 
tions’. 

A second general shortcoming of the tra- 
ditional approach to the diffusion of techno- 
logical innovations is the assumption that the 
population of potential users is readily identifi- 
able and essentially fixed. Actually, most 
studies have failed even to identify the group of 
prospective adopters realistically because of an 
understandable eagerness to utilize the con- 
venient industrial categories offered by avail- 
able statistical series. But this tends to reflect 
either a wishful or an ignorant under- 
estimation of the numerous and important dif- 
ferences among the plants included within 
most of these categories. Among such widely 
prevailing differences which may affect the 
potential benefits of particular innovations—or 
of successive modifications of them—important 
ones include product designs, product-mixes, 
the patterns of make-or-buy arrangements, 
equipment characteristics and modernity, scale 
of production, quality standards, and various 
locational advantages and _ disadvantages 
involving access to needed inputs and markets. 
Thus, at any specified time, the current state of 
development of a particular innovation is un- 
likely to be directly relevant to the needs of all 
plants encompassed by the industry categories 
for which statistical data are readily available. 

Moreover, the population of prospective 
adopters tends to change over time because of 
changes in the range of sizes in which ‘the 
innovation’ becomes available, as well as in its 
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service capabilities and limitations. Combined 
with concomitant adjustments in its investment 
requirements and operating costs, such innova- 
tional modifications may increase its attractive- 
ness to additional groups of firms within, and 
also beyond, the assumed relevant statistical 
category. Indeed, the fundamental conceptual 
inadequacy of the traditional, essentially static, 
view is the failure to recognize the powerful 
interacting pressures for continuing change 
exerted on the developers of the innovation to 
extend its range of applicability in order to 
expand potential markets and on prospective 
adopters to re-appraise the value of such 
increasing capabilities. 

A third basic weakness of many models of 
technological diffusion, especially those based 
on the projection of past statistical data, is 
their pervasive tendency to ignore significant 
dissimilarities in the economic conditions 
which characterized the various periods. A 
monopolizing concern with the pattern of 
changes in the quantitative magnitudes consti- 
tuting the selected statistical series results in 
overlooking the accompanying changes in 
business cycles, inflation levels and even such 
critical changes in the firms and industries 
involved as are represented by growth rates, 
profit levels, labor problems, regulatory press- 
ures and input shortages. No effective methods 
for eliminating the influence of all such factors 
on diffusion rates have been developed as yet, 
despite a variety of expedients and much effort; 
such techniques would be of doubtful value 
even if successful, for there is little interest in 
determining what diffusion rates might have 
been under improbably fixed economic con- 
ditions. However, valuable analytical insights 
might well result from determining the effects 
of various of these conditions on diffusion 
rates. For example, one of our studies sug- 





? For example, see Gold et al. [11]. 

* For example, see the recent compendium by Martino 
[13]. 

*For example, Ray reported in 1969 that in an inter- 
national study of the diffusion of various technological 
innovations in industry, “Neither the curves for individual 
processes nor their aggregation provided any strong con- 
tradictions of this assumption” (i.e. “that the diffusion 
curves are linear” (Ray [16]). Nor was any support for the 
general applicability of sigmoid diffusion curves provided 
by a 1970 publication covering the first 15 years after com- 
mercialization of the diffusion of 14, major innovations in 
steel, coal and iron-mining in the United States (Gold er al. 
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gested that, contrary to our expectations, diffu- 
sion rates did not increase consistently during 
periods when new capacity is added?. 

In short, there is ample basis for doubts 
about the validity and usefulness of the find- 
ings of most models of technological diffusion 
in industry because of their reliance on over- 
simplified concepts and heterogeneous 
samples*. Hence, the resulting empirical find- 
ings should properly be regarded as individual 
descriptions rather than as broady applicable 
analytical generalizations. Moreover, most 
such findings cannot even be accepted as effec- 
tive descriptions, except with the explicit 
understanding that they cover the relationship 
between a crudely defined cluster of innova- 
tions and an even more ambiguous conception 
of potential adopters. 

It would seem to follow, therefore, that the 
saturation curve so widely used to depict dif- 
fusion patterns, or to assess diffusion rates, or 
to estimate shortcomings in diffusion levels, is 
misleading. Instead of one fixed estimate of 
potential users for the entire period of dif- 
fusion, with which actual adoption levels are 
compared, such charts should show the suc- 
cessive increases in the population of potential 
adopters associated with important changes in 
the applicability and economic benefits of the 
original innovation. Thus, Fig. |b would seem 
to be more appropriate than the traditional 
Fig. la, and Fig. lc might be even more accu- 
rate in noting that successive stages of innova- 
tional developments are associated with 
changes in potential users as well as actual 
adopters. The most significant implication of 
this conceptual re-orientation is that more 
effective understanding of diffusion patterns 
and of the factors affecting them requires more 
knowledgeable estimates of: the population of 
prospective users in any specified stage of an 
innovation’s development; the number of ad- 
ditional adoptions likely to result from changes 
in the input and output pressures on prospec- 
tive users, even without significant improve- 
ments in the innovation; and the number and 
kinds of additional adopters likely to be 
attracted by alternative further technological 
improvements in the innovation and by reduc- 
tions in its investment requirements and oper- 
ating costs. Incidently, careful research has also 
led to serious questioning of the traditional use 
of sigmoid curves to depict diffussion patterns’. 
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The internal context: simplifying assumptions 
and realities 

The first grossly unrealistic assumption 
about the intra-firm context of decisions 
involving the adoption or non-adoption of 
technological innovations involves the arbi- 
trary foreshortening of needed analytical per- 
spectives. This results from focussing immedi- 
ately on evaluations of a _ particular 
innovation—and how such evaluations might 
differ among those firms which adopt it and 
those which do not. But such an approach 
ignores the frequently dominant, and always 
important, role of the ‘pre-decision environ- 
ment’. For any period to be covered by current 
managerial planning and commitments, this 
covers the specific nature and relative urgency 
of all of the needs to be dealt with, the avail- 
ability and relative net advantages of non- 
technological as well as technological options, 
and the availability of technical, managerial 
and financial resources to implement such 
alternative measures. 

Firms within the same general sector of 
industry may well differ in the relative urgen- 
cies of pressures to increase sales, improve 
product quality, reduce inputs in short supply, 
lower production costs etc. Because of such 
divergent needs and disparate resources as well 
as dissimilarities in managerial strategies, there 
is no basis for assuming that all firms in an 
‘industry’ are seriously considering the adop- 
tion of any specified technological innovations 
within any given period—much less that they 
are all considering the same innovation. 

A second grossly unrealistic simplifying 
assumption about the intra-firm context of de- 
cisions about adopting technological innova- 





* For a detailed discussion, see Gold [9]. 
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tions is that such decisions are based on 
“expected profitability after adjustments for 
probable risks and uncertainties”. But this is 
merely a tautology, rather than a useful analy- 
tical insight, for it says in effect that a profit- 
seeking firm makes decisions which seem to 
favor profits and, hence, that if an innovation is 
adopted, it is expected to be profitable. As a 
matter of fact, however, diffusion patterns sug- 
gest that numerous firms arrive at quite differ- 
ent evaluations of the same innovation more or 
less simultaneously. Hence, effective under- 
standing of diffusion patterns requires more 
thorough study of how expected ‘net benefits’ 
are estimated and to what extent such ‘evalua- 
tions’ are really only rationalizations of deci- 
sions arrived at on less obvious and less objec- 
tive grounds. 

Despite frequent casual references in capital 
budgeting discussions to estimating the ‘profi- 
tability’, and even the ‘net present value’ of 
technological innovations and other major 
capital projects, it is extremely difficult to make 
such estimates within reasonable margins of 
error. This is due in large measure, of course, 
to uncertainties about future changes over 5 or 
10 years in the level and product composition 
of market demand, in product and input factor 
prices, in competitive pressures, and in other 
important determinants of profitability®. But it 
is even difficult to make such determinations 
after the innovations have been adopted and put 
to use because of its many interactions with 
concomitant changes in other internal oper- 
ations and management policies as well as in 
product and factor markets—as will be illus- 
trated by several of the other papers in this 
volume. It is instructive to note, therefore, that 
Nabseth and Ray’s collection of 8 studies of the 
diffusion of industrial innovations reports that 
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expected profitability was seldom given as a 
basis for adoption decisions and seldom 
demonstrated after periods of use [14]. 

Similar questions can be raised about the 
frequent casual references in the literature to 
estimating risk. But how is it done—and how 
well? One may readily grant that the risk of 
technological failure tends to decrease with 
increasing evidences of successful operations. 
But how effectively can estimates be made of 
the possibility of further superior improve- 
ments after an innovation has been adopted? 
Even more important, how well can manage- 
ment staffs estimate the wide array of economic 
risks that may be confronted, such as those 
cited earlier? At any rate, field research readily 
demonstrates that many innovations are 
adopted not in the hope of increasing profitabi- 
lity, but in order to minimize reductions in 
profitability threatened by competitors’ 
advances, or by prospective special disadvan- 
tages facing the given firm. 

A third grossly vulnerable basis for studies of 
decision-making about technological innova- 
tions in individual firms is the widespread re- 
liance on ex post findings and interpretations. 
Some well-known studies are even unclear 
about how long ago the relevant decisions were 
made (often 10-20 years or more), and about 
whether the respondents cited were effectively 
involved in making such decisions (often not). 
The results of such studies are accordingly 
Open to serious misinterpretations because of 
the enormous differences between hindsight 
perspectives and expectations about the un- 
known future. For example, hindsight judg- 
ments tend to stress ex post criteria instead of 
those which loomed largest when the decisions 
were made; hindsight evaluations are also 
more likely to rationalize whatever results were 
actually realized, crediting favorable outcomes 
to sound decisions while blaming unfavorable 
outcomes on external developments. Moreover, 
the judgments of current executives about long 
past decisions often reflect much unintentional 
forgetting as well as unacknowledged ignor- 
ance. And even the most serious efforts to 
evaluate the effects of long past decisions can 
hardly make effective allowances for the effects 
of interactions with intervening internal and 
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external developments, many of which are 
likely to have been unexpected. 

Finally, attention should also be drawn to 
the vulnerability of the various studies which 
have used heterogeneous samples of firms in an 
effort to identify those characteristics most fre- 
quently associated with responsiveness to inno- 
vational opportunities. The most effective eva- 
luation of this general approach is Uhlmann’s 
study of 20 characteristics of 126 firms in Ger- 
many, Sweden and the United Kingdom cover- 
ing their responses in a total of 218 cases of 
innovations representing 18 distinctive types of 
innovations. Although he found that a number 
of the individual characteristics were associated 
with responsiveness to innovations on a stat- 
istical basis, no firms represented a substantial 
combination of such characteristics—indeed 
their actual patterns were virtually unique, 
both as among firms in the same sectors of 
industry and also as among those responding 
to particular groups of innovations”. 


ACTUAL DECISION-MAKING 
PROCESSES 


Evaluational bases for decisions 


One of the major gaps in our understanding 
of decisions affecting the adoption of techno- 
logical innovations concerns the bases for the 
evaluations on which such decisions are based. 
Few studies even bother to cover the expected 
net results -beyond claiming, or merely imply- 
ing, that improved profitability was expected. 
But this reveals nothing about the specific 
arrays of estimated benefits and burdens which 
underlie such summary evaluations, nor about 
the bases for such judgements, nor about the 
margins of uncertainty considered to be associ- 
ated with each of these estimates. Nor does it 
provide needed insights into the technological 
alternatives which were considered and the 
bases on which they were rejected as less at- 
tractive. Even more important, there is seldom 
any analysis of the changing evaluations over 
time as a result of which prior decisions to 
reject a given type of innovation are eventually 
reversed. Indeed, one cannot avoid suspecting 
that some (and perhaps most) of the limited 
number of ostensible analyses of the decisions 
leading up to the innovations being reported on 
are ex post rationalizations heavily interwoven 
with hindsight judgements and omissions. 
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But efforts to develop sounder diffusion 
processes—which may increase adoption rates 
for some innovations while reducing them for 
others—require fuller awareness of the criteria 
which are commonly employed, how they are 
estimated, and how they are weighted in for- 
mulating final evaluations. Only by identifying 
such elements, and then appraising the vulner- 
ability of the means employed to help guide 
decisions, can attention be drawn to the rela- 
tive weaknesses of technological as over 
against economic estimates of prospective 
results—as a basis for seeking to improve both. 

For example, our field research suggests that 
the most common sources of errors in esti- 
mates of the expected technological benefits of 
innovations center around: 


(1) under-estimating the time needed to 
achieve effective functioning of the innova- 
tion, often by a considerable margin; 


(2) over-estimating the average utilization rate 
as a basis for appraising benefits; 


(3) under-estimating the need to make adaptive 
adjustments in the preceding and _ sub- 
sequent operations of an integrated produc- 


tion operation—or in the re-allocation of 
orders and support resources between a 
new facility and older facilities devoted to 
similar operations; and 


under-estimating the problems and costs of 
gaining labor acceptance of associated 
changes in tasks. 


Economic evaluations of the expected effects 
of technological innovations are frequently 
based on a wide array of simplifying assump- 
tions, among which the following seem to be 
the most common and most influential: 


(1) that expected reductions in man-hours per 
unit of output will be accompanied by 
roughly comparable reductions in unit 
wage costs; 


that expected reductions in material re- 
quirements per unit of output will yield 
parallel reductions in their unit costs; 
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(3) that resulting cost savings can be carried 
over into increased profits. 


But the first two assumptions ignore the 
tendency for changes in unit input require- 
ments to interact with factor prices. Thus, in- 
creases in output per man-hour often engender 
comparable increases in wages per man-hour, 
whether through piece rates or through trade 
union demands, thus tending to minimize 
expected reductions in unit wage costs. More- 
over, trade unions often resist the lay-offs made 
possible by technological innovations. Indeed, 
our research reveals that some companies in 
the US no longer permit the inclusion of 
expected wage costs savings in justifications for 
proposed capital projects, on the grounds that 
these all too frequently prove unrealizable. 

In the case of reductions in material require- 
ments per unit of output, the effects on their 
unit costs seem to be more variable. When 
such reduced inputs are attributable to tighter 
specifications of quality or dimensions, price 
increases may offset the expected cost savings. 
When such reduced inputs have been made 
possible by an innovation which is being 
adopted by competitors as well, the expected 
cost savings may be accentuated as a result of 
the depressing effect on the price of such 
materials due to widespread reductions in 
demand. But cost savings attributable to shifts 
to lower-priced materials may shrink in time as 
competitors also turn to such substitutes and 
thus increase the demand for them along with 
attendant prices. Estimates of expected savings 
in unit material and unit wage costs are also 
often erroneous because of the tendency to 
base them on current input prices instead of 
taking account of recent trends in such prices. 
Thus, even demonstrable reductions in the 
quantity of unchanged materials per unit of 
output may serve only to slow the rate of con- 
tinuing increases in such unit material costs 
instead of yielding actual reductions’. 

It is also very important to recognize that 
the increasing diffusion of cost-saving innova- 
tions under competitive conditions tends to 
generate reductions in product prices as pro- 
ducers struggle to maintain market shares. 
Thus, the profit margins of early adopters are 
likely to undergo progressive shrinkage over 
time. In short, each of the foregoing consider- 
ations stresses the importance of seeking to es- 
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timate the changing pattern of favorable and 
unfavorable economic effects period by period 
over the expected life of the innovation instead 
of simply multiplying current estimates of 
annual savings by the expected economic life of 
the undertaking. 

In turn, these perspectives necessitate facing 
up to the serious inadequacies of the long 
range economic forecasts which are at the core 
of capital budgeting evaluations of innovation- 
al and other major project proposals. Attend- 
ant margins of error are likely to be quite large 
even in forecasts for entire industries, to say 
nothing of the even greater hazards involved in 
forecasts for individual firms and even single 
plants®. In view of the extreme difficulties 
involved, one can readily understand the 
resulting tendency to project current moods of 
optimism and pessimism into forecasts of 10 
years and longer’; and one may even sympath- 
ize in some degree with the widespread practice 
of projecting the trends of the past 10-20 years 
into the next decade or two, despite the 
repeated demonstrations of major dissimilari- 
ties between the past and the future’®. But such 
tolerance should not prevent awareness of the 
fundamental shortcomings of available fore- 
casting methods and the need, therefore, to 
avoid placing heavy reliance on them. In par- 
ticular, it would seem useful to consider mini- 
mizing dependence on statistical and econo- 
metric forecasting in favor of intensive analysis 
of the specific pressures and opportunities 
which lie ahead and to recognize that success is 
more likely to result from alert recognition of, 
and effective adjustment to, the inevitable 
emergence of unexpected developments than 
on the correctness of the original forecasting'’. 


Decision and revision processes 


It is commonly implied that decisions to 
adopt innovations somehow emerge automati- 
cally whenever continuous evaluations of an 
array of innovational alternatives finally ident- 
ify candidates which exceed the current ‘hurdle 
rate’ for new undertakings. But there is no 
basis for this conception of a ceaseless econ- 
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omic radar scanning of possibilities of all kinds 
until one or more return a sufficiently profi- 
table echo. Although many firms turn at least a 
casual eye towards any purportedly exciting 
new prospects on the horizon, serious evalu- 
ative efforts are much too costly to be applied 
indiscriminately. Hence, although a scanning 
awareness of current developments represents a 
minimum requirement for recognizing truly 
promising targets, most intensive commitments 
to evaluate particular possibilities tend to be 
triggered by such circumstances as the follow- 
ing: 


(1) a threat to current market share resulting 
from technological advances by a competi- 
tor yielding improvements in product capa- 
bilities or prices which are patently attract- 
ive to current or prospective customers; 


a progressively weakening competive pos- 
ition which requires consideration of devel- 
oping or adopting risky and costly new 
technologies as the most promising remain- 
ing means of safeguarding survival; 


a recent experience involving a technologi- 
cal innovation which yielded substantial 
competitive advantages as well as increased 
profitability and thus engendered greater 
confidence in the practical potentials of ad- 
ditional such undertakings; 


(4) persuasive evidence of the imminent com- 
mercial applicability of an internally devel- 
oped technological innovation promising 
important market benefits. 


The point to be emphasized is that, as was 
suggested above, even the most thorough ex 
ante estimates of the prospective net benefits of 
adopting innovations tend to be subject to 
wide margins of error. Whether resulting de- 
cisions are favorable or unfavorable to adop- 
tion depend, therefore, on the managerial judg- 
ments which are invoked as supplements to 
these ostensibly objective but patently vulner- 
able estimates. Such judgements seem likely to 
reflect the value biases derived from the past 
training, expertise and experiences of various 
executives'?. But most executives would never- 
theless prefer to defer reliance on such hazar- 
dous guides in making major adoption de- 
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cisions until external pressures threaten rising 
penalties for continuing delays. As a result, it is 
not at all uncommon to find that important 
innovations have been under consideration for 
several years before being adopted, thereby 
further emphasizing the importance of learning 
more about the factors which finally trigger 
adoption decisions, if our understanding of dif- 
fusion patterns is to be significantly improved. 

Another over-simplification involves treating 
adoption decisions as though they were climac- 
tic once-for-all actions rather than representing 
only initial commitments subject to successive 
modifications on the basis of further infor- 
mation and experience. Of course, innovations 
differ in the rapidity with which investment de- 
cisions are carried out and in the extent to 
which later adjustments can be made in basic 
processes, in equipment capabilities, and in 
product characteristics without forbidding 


costs'*. But undertakings that take one or two 
years to complete are likely to permit repeated 
modifications or original decisions, and this is 
even more true of projects taking longer 
periods. 

Recognition of the continuing dynamics of 
these decision processes has two important im- 


plications. It emphasizes the potential errors of 
inferring the bases for the original decisions 
from the eventual results—and also of evalu- 
ating performance through comparison with 
the originally defined objectives. In addition, 
this broader conception highlights the need to 
study the extent to which later adoptions by 
firms with multiple operations susceptible to 
similar applications are based on changing 
evaluations of the innovation’s capabilities as 
well as of market pressures and of internal 
urgencies!*, 


APPRAISING INNOVATIONAL 
EFFECTS 


How effectively are the results of technologi- 
cal innovations determined? Such findings 
would obviously tend to have an important 
bearing on the rate of diffusion inasmuch as 
evidences of significant rewards are generally 
regarded as the most powerful incentive to 
increasing diffusion. Oddly enough, however, 
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there is an astonishing paucity of published 
research evaluating the actual effects of such 
innovations after they have been installed, in 
contrast to the considerable literature on esti- 
mating the probable effects of technological 
innovations before decisions are made to adopt 
or reject them. 

Inquiries suggest that the reason for such 
neglect is the widespread assumption that the 
purposes, methodologies, applications and 
interpretations of such undertakings are so 
obvious as to offer no interesting problems. Our 
current field research, however, yields the 
strongly contrasting view that such _post- 
installation evaluations are shot through with 
difficult problems and dubious bases for many 
of the results which are reported within firms. 

Analysis of the problems and effectiveness of 
post-installation evaluations of the effects of 
technological innovations offer several poten- 
tially important contributions to the manage- 
ment of innovational processes. To begin with, 
such appraisals could provide a direct com- 
parison of results with the expectations which 
led to adoption decisions. Even more impor- 
tant, comprehensive evaluations could explore 
the specific loci and causes of deviations 
between expectations and results, thus indicat- 
ing the relative accuracy of various component 
estimates and also identifying any variables 
which were ignored. Moreover, such evaluative 
efforts may reveal insensitivities in the perform- 
ance measurement system to innovational im- 
pacts, thus counseling changes in order to 
minimize consistent anti-innovation biases. 


Some shortcomings of current evaluation efforts 


Only a limited array of post-installation 
evaluation methods have been turned up as a 
by-product of our field research on the effects 
of technological innovations. Hence, the fol- 
lowing judgments must be regarded as prelimi- 
nary and tentative indications of possible 
shortcomings. 

Most of the ‘make good’, ‘follow-up’ and 
‘post-audit’ evaluations examined concentrated 
primarily on simply measuring actual results, 
including: the costs of acquisition, construction 
and installation relative to budget; the accepta- 
bility of technical performance; and resulting 
operating costs. Except for comparisons with 
allowed budgets and expected total unit costs, 
few methods were characterized by comprehen- 
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sive comparisons of actual input requirements, 
factor prices, product quality and price, output 
levels and other aspects of performance with 
the respective estimates which led to the de- 
cision. Especially glaring is the common failure 
to consider the time required to achieve the 
‘acceptable’ levels of performance before evalu- 
ation efforts tend to be initiated relative to 
expectations. Also disappointing is the virtual 
absence of any systematic efforts to ‘learn from 
results’ as a means of improving ex ante esti- 
mates of the effects of prospective technological 
innovations in the future. 

Our explorations suggest in addition that 
formal evaluation efforts, except for compari- 
sons of actual expenditures with allowed bud- 
gets, seem to be much less common in respect 
to very large projects and especially when their 
results seem unfavorable. In explaining such 
lapses, the two most common reasons given 
were: that each such project is necessarily 
unique and hence evaluations would have no 
feedback value in considering future projects; 
and that there was no interest in ‘spilled milk’ 
or in ‘beating dead horses’. 

One of the common limitations of post- 
installation evaluative efforts has been reliance 
on an overly restricted framework of consider- 
ations. Thus, a major part of the decision- 
making process involves choosing among a 
variety of available technological and non- 
technological means of meeting the most 
urgent needs of the firm at the time of decision. 
But a comparison of actual results with expec- 
tations in respect to the final choice made 
throws no light on the accuracy of the evalu- 
ations which led to the discarding of the other 
alternatives considered. Nor do such compari- 
sons reveal the effects of having adopted inno- 
vations which succeeded in easing what were 
considered urgent needs at the time of decision 
at the cost of neglecting other needs which 
proved more serious. In short, there has been 
an almost complete failure to evaluate the sub- 
structure of evaluations that then determined 
which of the alternative means of dealing with 
specified needs should be adopted. 
evaluations has been the apparent pressure for 
biased evaluations. In the case of very large 
projects, the tendency to seek out and to 
emphasize favorable aspects of results seems to 
be attributable to a concern that negative judg- 
ments would reflect on high level officials and 
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be resented by them. Such biases are often built 
into the evaluation process because allocation 
of such responsibilities to the officials deemed 
to have the relevant expertise often involves 
reliance on those who were also involved in 
project proposals and decisions. Thus, techni- 
cal evaluations are usually left to engineers and 
various cost estimates to the _ respective 
specialists—partly because of the absence of 
effective internal alternatives and partly to pro- 
tect the confidentiality of findings. Moreover, 
those assigned to making such evaluations are 
often led to mute critical judgments lest these 
inhibit future cooperative relationships with 
the officials responsible for the project. Indeed, 
we have not yet encountered any cases of 
wholly independent evaluations involving tech- 
nological and economic competence. The 
seriousness of this problem is indicated by the 
fact that a senior officer of one of the major 
steel companies told us that they have aban- 
doned such _ post-installation evaluations 
because they were invariably found to be so 
biased as to render them of dubious value. 

A third set of shortcomings of post- 


installation evaluations arises from the time 
focus and criteria employed. For example, 


most cases examined relied on a single, 
narrowly-focussed evaluation made _ within 
6-12 months of the project’s completion. These 
early estimates tended to yield overly optimis- 
tic findings because generous allowances were 
usually made to offset shortcomings which 
were assumed to be attributable to temporary 
difficulties in achieving effective operations, to 
temporarily increased maintenance problems, 
and to temporary under-utilization. Such early 
evaluations also tended to be inadequate 
because it is only after the innovation has 
achieved effective functioning and reasonably 
high levels of utilization that efforts to maxi- 
mize realization of its potentials lead to adapt- 
ive adjustments in preceding and subsequent 
operations, and even to possible modifications 
in product designs and product-mix. Hence, 
more effective appraisals would require suc- 
cessive evaluations every 6 months for at least 
3 years (or even longer if effective functioning 
has not yet been achieved—as in some cases of 
continuous casting, for example) to ensure 
effective determination of practically sustain- 
able performance levels and to ensure coverage 
of the wider repercussions of the innovation. 
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In addition, the actual effects of technologi- 
cal innovations are often measured inadequa- 
tely because cost accounting categories are not 
revised to reflect important aspects of the inno- 
vation’s contributions. These may include 
changes in the quality of the inputs used, in the 
nature of the processing or fabrication per- 
formed, or in the service capabilities of 
products. Other significant effects which are 
commonly disregarded include changes in the 
flexibility of operations which can be per- 
formed and changes in the precision with 
which processes can be controlled. 

Moreover, concentration on the comparison 
of results with expectations tends to result in 
inadequate probing of the specific causes of 
shortfalls. As a result, observed deficiences are 
all too readily ascribed to unpredictable or 
external actors. Such minimizing of internal 
shortcomings obviously prevents identification 
of needed targets for improvement efforts. 

Finally, attention should be directed to the 
seemingly universal avoidance of estimates of 
the innovation’s incremental contribution to 
profitability. This implied recognition of the 
difficulties in attempting such evaluations, even 
on the basis of actual ex post data, raises even 
more serious doubts about the usefulness of ex 
ante estimates of such profitability effects as a 
basis for adoption decisions. 


installation evaluations 


Efforts to improve evaluation of the post- 
installation effects of technological innovations 
are confronted by a variety of questions con- 
cerned with how to reduce biases engendered 
by common production, costing and other 
practices. For example, means need to be con- 
sidered for reducing the favorable biases as- 
sociated with at least five common production 
practices encountered in our research. One of 
these involves shifting the most advantageous 
orders and the best operators to the new facili- 
ties, along with granting them top priority in 
access to ancillary facilities and to repair and 
maintenance services. Another such practice 
involves maximizing the utilization rate of the 
new facilities at the expense of the older facili- 
ties. Such biases also result from motivating 
greater labor efforts and care through provid- 
ing improved pay incentives and working con- 
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ditions. Still another source of differential 
advantage frequently involves improving the 
quality of work inputs from preceding oper- 
ations and increasing the standardization of 
the tasks to be performed by the new facilities. 
And the question must also be faced of how 
long additional improvements to the initial 
installation are to be attributed to the original 
innovation instead of to subsequent innova- 
tions. 

Parallel problems are also confronted in 
seeking to minimize unfavorable biases in 
evaluating the effects of innovational decisions 
attributable to production conditions. One of 
these involves under-utilization due to a reces- 
sion. Another involves the effects of unexpected 
deficiencies in the quality of the materials to be 
processed. And a third may be caused by the 
necessity of modifying product specifications to 
adjust to changing customer preferences. 

An important group of problems relating to 
proper evaluation of the cost effects of techno- 
logical innovations concerns whether the fol- 
lowing should be treated as increases in the 
investment embodied in the innovation or as 
current additions to operating costs: 


a. additional outlays in order to improve the 
effectiveness with which the new facility 
functions; 


. the cost of interruptions to production 
caused by introduction of the innovation; 


. the cost of delays before achieving effective 
functioning of the innovation, including the 
cost of modifications, ‘debugging’, training 
operators and trial runs; and 


. the costs and outlays involved in readjusting 
preceding and subsequent operations in 
order to achieve effective integration with 
the capabilites of the innovation. 


A related problem concerns whether to credit 
the innovation with cost reductions only in its 
own operations, or to also credit it with all cost 
benefits resulting from the adaptive improve- 
ments made in other operations, including pro- 
curement and engineering. Still another prob- 
lem concerns how to evaluate the contributions 
of the innovation to changes in revenues 
apparently associated with innovation-induced 
adjustments in product quality and in the flexi- 
bility of product-mix. 
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Perhaps the most difficult problems of all 
involve seeking to disentangle the effects of the 
innovation from those of a wide array of con- 
comitant developments. Among these, internal 
developments might include the introduction 
of other technological and non-technological 
innovations, as well as changes in management 
policies relating to prices, marketing, labor re- 
lations and other factors affecting competitive 
position. External developments might include 
changes in industry supply-demand relation- 
ships, changes in the availability and prices of 
input factors, technological and other innova- 
tions by competitors, and modifications in 
government regulations affecting the industry. 

Finally, because many technological innova- 
tions require investments which are likely to be 
embodied in them for 10-20 years or longer, 
some attention must be given to the problem of 
longer term evaluations. Because relevant 
costs, revenues and net investment tend to 
change from year to year, evaluations of an 
innovation’s effects would also yield changing 
results over time, quite possibly involving sub- 
stantial changes in their favorableness'*. Does 
this mean that all project evaluations should be 
repeated annually? For how long can their 
effects be differentiated from the combined im- 
pacts of all other developments? Three other 
questions seem to be even more fundamental: 


a. What would be the significance for current 
decision-making of learning that some past 
decisions yielded favorable results in the 
short-run, but unfavorable results after § 
years—whereas others yielded the reverse 
pattern of results? 


. What margins of error are likely to be as- 
sociated with the 10-20 year estimates of 
output, costs, prices, interest rates and pro- 


fits used in capital budgeting models—and 
should estimates subject to wide margins of 
error be used as the basis for decisions to 
adopt or to reject technological innova- 
tions? 


And if the preceding question is answered in 
the negative, what alternatives are available 
to management? 





'S For example, see the far-reaching changes in the 
results of the first float glass plant in the U.S. reported by 
Skeddle later in this volume. 
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Strengthening ex post evaluations to help im- 
prove future decisions 

The actual results of post-installation evalu- 
ations of technological innovations are likely 
to have little effect on current decisions con- 
cerning the adoption of new innovations. This 
absence of a feedback effect is likely to be true 
in part because ex post evaluations tend to 
vary significantly during the early years after 
installation, and because there is considerable 
awareness of the biases commonly reflected by 
initial evaluations. But the influence of later 
evaluations also tends to be minimized for two 
other reasons. Eventual determinations of the 
actual effects of long past innovational deci- 
sions are regarded as increasingly irrelevant to 
the different innovations and altered urgencies 
faced in later years. Even more important and 
instructive, however, is the tendency to view 
most such eventual results as attributable in 
larger measure to the effectiveness of manage- 
ment policies during the years in which the 
innovation was utilized than to the carryover 
effects of the original decision. In short, the 
limited usefulness of the kinds of ex post evalu- 
ations which have been encountered helps to 
explain the essentially peripheral interest of 
many managements in such exercies. 

Such past shortcomings, however, have pre- 
vented realization of the valuable potentials of 
revised approaches to post-installation evalu- 
ations. Needed revisions should include com- 
parisons of the actual results with estimates of: 
the probable results of having rejected the 
innovation, or of having delayed its adoption 
by 1, 2 or 3 years; the expected results at the 
time of the original decision; the apparent 
results of the technological and other innova- 
tional decisions made by competitors at the 
time when this firm made its original adoption 
decision. Revised approaches should then seek 
to explore the causes of the differences revealed 
by the preceding comparisons. In particular, it 
would be instructive to identify which differ- 
ences were attributable to technological, econ- 
omic or market factors; which of these rep- 
resented internal as over against external devel- 
opments; and, finally, which might reasonably 
have been predicted at the time of the decision 
and which were clearly unpredictable. 

As a result of such more comprehensive 
insights into the complex patterns and multiple 
determinants of the actual effects of technologi- 
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cal innovations, consideration might be given 
to enriching the past objectives, coverage and 
methods of ex ante evaluations. For example, 
in defining the objectives on the basis of which 
choices are to be made among alternative inno- 
vations, the need might well be recognized to 
dig beneath the generalized objective of im- 
proving profitability and to concentrate more 
sharply on the specific product, process, cost 
and other adjustment targets involved in bet- 
tering past performance—thereby providing 
more precise criteria both for choosing among 
the options being considered and also for 
evaluating post-installation results. Moreover, 
instead of merely comparing the relative net 
benefits of alternative innovations, efforts 
should be made to clarify the technological and 
economic assumptions underlying them, and 
also to indicate the margins of error likely to 
be involved—including any relevant references 
to the results of ex post evaluations. More par- 
ticularly, evaluations of prospective technologi- 
cal innovations should seek to specify: the 
sources and expected magnitudes of the esti- 
mated superiority of recommended innovations 
over current facilities (whether introduced as 
replacements within present plants, or, if rele- 
vant, as parts of new plants); the factor price 


and other assumptions involved in converting 


expected technological improvements into 
economic benefits; and estimated advantages 
and disadvantages of adoption now versus 
deferring adoption, including specification of 
associated assumptions concerning the concur- 
rent behavior of competitors. 

Another by-product of attempts to deter- 
mine the ex post effects of technological inno- 
vations more effectively may be recognition of 
the need to change some of the categories com- 
monly used to assess the productivity and cost 
effects of prospective innovations. Specifically, 
measures must be designed to take account of 
changes in input qualities, the nature of pro- 
cessing requirements, the shifting of processing 
tasks to other operating units, improvements in 
process flexibility and alterations in product 
quality. These tend to alter both the physical 
magnitudes and economic value of productive 
contributions and yet have been largely or 
wholly ignored by prevailing measures, which 


ADDRESS FOR CORRESPONDENCE: 


focus solely on changes in input and output 
quantities, assuming no significant changes in 
their qualitative attributes. 
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This paper examines the effects of changes in the nature and mix of inputs on an otherwise 
essentially stable processing technology. The impact of the benefication and agglomeration (pelletiz- 
ing) of iron ore on blast furnace productivity is shown to transcend both the usually postulated, 
overly simplified, models of such effects and also the expectations of managements themselves. 
Analysis of the physical performance and financial data for three major American blast furnace 
installations demonstrates the pervasive changes brought about by what, at first glance, may seem 


no more than a simple substitution among inputs. 


MEASURING changes in productivity resulting 
from decisions to alter the mix and kinds of 
inputs used to produce output and assessing 
the financial benefits or costs of such changes 
are frequently difficult and frustrating tasks. 
This point is illustrated in the following case 
studies of the iron-making operations in three 
US iron and steel plants from 1964 to 1974. 

In most analyses of actual productivity 
changes, measurement and assessment of these 
changes would be complicated by changes in 
the nature of output. In this study this problem 
was not present. The output—basic pig 
iron—is an intermediate product of constant 
quality used in steelmaking. Despite this sim- 
plification, the analyses of the changes in the 
iron-making operations in the three plants 
studied were complicated by a number of con- 
ceptual barriers that are usually encountered in 
studies of this kind. 





' It should be stressed that single-input measures of pro- 
ductivity are conceptually right for decisionmakers seeking 
assistance in their resource allocation decisions. Inputs can 
be combined into single-factor measures of input only by 
applying value weights to the inputs. These value weights 
change relative to one another over time in response to 
changes in supply conditions and use opportunities (in all 
consuming industries). Single-factor measures of pro- 
ductivity would consequently be arbitrary and would ‘hide’ 
useful information regarding input values. 
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The concept of productivity does not have 
an unambiguous meaning since there is not a 
completely acceptable method whereby the 
quantities of all inputs used can be combined 
and contrasted with the quantity of output 
manufactured. Thus, measurement of pro- 
ductivity changes is usually made on a single- 
factor basis’. 

Assessments of productivity changes over 
some discrete period are usually complicated 
by the changes in financial conditions, the 
changes in physical operating conditions in the 
plant (e.g. deterioration of some equipment due 
to additional usage; installation of some new, 
technologically-superior equipment; changes in 
materials), and the existence of constraints on 
managerial decisions in the short run. Thus, it 
may be misleading to contrast current physical 
performance (productivity) or financial per- 
formance with their counterparts in an earlier 
period. Yet, estimating a baseline measure of 
physical performance in the current period that 
would have been experienced in the absence of 
the changes (implemented by management) 
being assessed can prove to be very difficult. 

Financial assessments of productivity- 
altering management decisions cannot be made 
simply on the basis of changes in unit cost over 
time because both the appropriate physical and 
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the appropriate financial baselines of compari- 
son may have changed (the latter due to 
changes in input prices or unit input costs). 
Calculation of a financial baseline to compare 
with current financial performance also needs 
to consider possible changes in constraints on 
management’s purchase decisions in the form 
of long term contracts for certain inputs. 


SOURCES OF PRODUCTIVITY 
GAINS IN BLAST FURNACE 
OPERATIONS 


Modern steel firms are typically integrated 
operations, with activities ranging from ‘dig- 
ging’ raw materials out of the ground (iron 
ores, coal and limestone) to shaping and fabri- 
cating a huge array of finished steel products. 
This discussion is focused on the earlier stages 
of this sequence, centering on the technologies 
of preparing raw iron-bearing materials and on 
the resulting changes in blast furnace oper- 
ations. 

The location of capital facilities for prepar- 
ing, or ‘upgrading’, iron-bearing materials is at, 
or near, the site of the iron ore mine itself. The 
only exception to this rule is the location of 
sinter plants. These are commonly located in 
the proximity of the blast furnaces using the 
sintered ores, both because they provide part of 
the inputs used by sinter plants (in the form of 
recycled byproducts) and because sintered ores 
tend to degrade seriously when handled fre- 
quently. 

The basic technology of iron-making is to 
charge (i.e. dump) successive layers of iron ore, 
limestone and coke at frequent intervals into 
the top of a blast furnace, blow superheated 
and pressurized air through these materials 
from the bottom, and remove from the bottom 
(i.e. hearth) molten iron and molten slag (separ- 
ately) at regular intervals. This basic descrip- 
tion has not been altered by decades of success- 
ive improvements in blast furnace operations. 
Nevertheless, substantial improvements in the 
technology of ironmaking have occurred in 
both the preparation of raw materials and in 
the effectiveness with which these improved 
materials are reduced in blast furnaces. 





> Many of these improvements, including increases in 
size, could be retrofitted on existing blast furnaces during 
their periodic overhauls every few years. 

3 Cf. Footnote 2. 
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The productivities of inputs in blast furnace 
operations have been improved by three funda- 
mental means: (1) technological improvements 
in the equipment, including better firebrick, 
increased furnace size, increases in the tem- 
perature and pressure of operations, and the 
use of injected fuels—all of which have contri- 
buted to the gains in the capacity of a new 
blast furnace over time’, (2) improvements in 
the physical and chemical qualities of ma- 
terials, including using larger proportions of 
rich foreign ores, the development of pellets 
(which began in the early 1950s), sizable im- 
provements made in the quality of sinter, 
increased use of overfluxed sinter to reduce the 
need to charge limestone directly (and separ- 
ately) into the blast furnace, and the occasional 
use of injected fuels in partial replacement of 
coke and (3) improvements in operating prac- 
tice, including improving the method of charg- 
ing materials into the blast furnace, arranging 
the materials in layers of uniformly-sized 
chunks (called sizing), and rapidly adjusting the 
humidity of the hot air blast (as well as the 
development of other improvements in con- 
trols by applying better instruments). The latter 
two sources of improved productivity can be 
used to increase production with ‘old’ as well 
as new blast furnaces’. All three sources have 
tended to interact over time. Modern large fur- 
naces would not operate satisfactorily without 
the improved materials and controls that have 
been developed over the last three decades. Im- 
proved operating practices have also resulted 
in part from improved materials. 

Resort to improved materials to increase the 
production of iron automatically increases the 
productivity of blast furnaces used to smelt 
these materials. This increase in blast furnace 
productivity represents an upper bound 
measure of the increase in capital productivity 
in the blast furnace plant. This upper bound 
will be an overestimate whenever the improved 
materials require at least partial processing on 
site (e.g. a new sinter plant). However, for this 
study it is reasonable to treat the extra capital 
required to improve materials as part of the 
price or unit cost of those materials. 

Equipment improvements and improved 
operating practices normally improve capital 
productivity, but not in proportion to the gains 
in blast furnace productivity, due to the extra 
capital required to increase output per blast 
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furnace by these two means. Similarly, all three 
sources of productivity gains will increase the 
productivity of labor, but usually less than pro- 
portionately to the gains in blast furnace pro- 
ductivity. 

Frequently, the fuel input is the most critical 
regarding both the threat of poor operating 
practice and the promise of high technology 
operations. Improvements in operating prac- 
tice save fuel by a variety of means. In particu- 
lar, they reduce the number of times the physi- 
cal and chemical processes within the furnace 
get out of equilibrium, resulting in an expan- 
sion in the rate of fuel consumption before the 
equilibrium path is reached again. Technologi- 
cal improvements also promote higher fuel 
productivity. However, the most dramatic im- 
provements in fuel productivity are achieved 
by improving both the physical and chemical 
qualities of materials. 

In the case studies covered in this paper, 
blast furnaces were selected where techno- 
logical improvements in equipment and major 
improvements in operating practice did not 
occur. Only changes in the quality of materials 
occurred. 


BASIC METHODS OF UPGRADING 
RAW MATERIALS 


The preparation of these materials can be 
classified into four areas of activity: concen- 
tration, blending, sizing and agglomeration. 
Concentration is achieved by relatively simple 
crushing, washing, and magnetic separation 
methods that remove impurities that are mixed 
with pure ores. Blending is undertaken to im- 
prove the chemical properties of the ores. Siz- 
ing (or screening) means separating ore by the 
size of individual pieces, and is_ beneficial 
because the hot air blast can more readily pen- 
etrate evenly through the solid materials in a 
blast furnace when these materials are charged 
in layers of nearly uniform size. Agglomeration 
combines the benefits of concentration, blend- 
ing and sizing. It is the process of fusing 
together very small particles of ore (called ore 
fines) into larger pieces. These small particles, 
which are unusable in blast furnaces because 
they choke the air blast, come from natural ore 





* Actually taconite is a local term for this ore. In North- 
ern Michigan it is called jasper. 
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deposits, occur as a product of concentration 
activities, and also result as a byproduct of 
transporting, handling, and sizing ore, as well 
as of the smelting process itself. 

There are two primary types of agglomer- 
ation methods. The older, called sintering, uti- 
lizes ore particles from all of the previously 
mentioned sources, combines these iron- 
bearing materials with fine coke particles 
(called coke breeze) and (in modern practice) 
with crushed limestone and the byproducts of 
some steel-making activities, moves them on a 
traveling grate through a furnace which ignites 
the coke breeze and fuses the materials into 
large cakes (and calcines the limestone, 
CaCO. i.e. transforms it into lime, CaO). The 
cakes are then broken up and screened for size 
consistency and the smallest particles are com- 
pletely recycled. 

The newer method of agglomeration is called 
pelletizing. For the most part, this process 
obtains its ore fines from a specific kind of ore, 
called taconite*, which is present in huge quan- 
tities in Northern Minnesota. While taconite 
ore would seem to be an unlikely source of 
iron-bearing material for blast furnaces, 
because the ore is found in huge slabs of rock 
as hard as granite with a low natural iron con- 
tent, a major advantage of this ore is that it is 
magnetic. Once crushed into fine powder, 
which is accomplished in three sequential 
crushing operations, the iron-bearing particles 
can be separated easily from the impurities, 
raising the iron content from +20°% to +60°,. 
A small amount of clay binder is then added 
and the concentrated ore is ‘rolled’ into 
marble-size pellets in balling drums. This step 
is somewhat similar to rolling snowballs to a 
size that is suitable for making a snowman. It 
is a highly sensitive process requiring a precise 
adjustment of the moisture content of the ball 
mix and the speed at which the balling drums 
rotate. In the final step, the raw pellets are 
hardened in furnaces, usually by moving them 
through a tunnel kiln on a traveling grate. The 
major control for size uniformity is in the ball- 
ing drum stage, but a final screening effectively 
removes odd-sized pellets from the rest. 

Figure 1 illustrates the changes that took 
place in the annual consumption of iron- 
bearing materials in the US during 1955-1975. 
Three broad categories of inputs are illus- 


trated: ore, sinter and _ pellets. During 
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Fic. 1. Annual consumption of iron-bearing materials in US 
blast furnaces. 


1955-1960, the annual consumption of ore fell 
by more than 50%, the annual consumption of 
sinter doubled, and pellets began to diffuse into 
use rapidly. During 1960-1970, annual sinter 
consumption peaked at 50 million gross tons 
during 1964-1966 and began and ended the 
decade at 42 million gross tons. Annual ore 
consumption fell slightly, while pellets con- 
tinued to diffuse rapidly, rising from 10 million 
to 55 million tons. 1970-1975 saw pellets 
beginning to reach equilibrium with sinter and 
ore. (Sinter and ore reached a mutual equilib- 
rium by 1965). For the first time, changes in the 
consumption of pellets from one year to the 
next tended to move in the same direction as 
annual changes in the consumption of ore and 
sinter (although pellet increases were greater, 
and pellet decreases smaller, than the corre- 
sponding changes in ore and sinter consump- 
tion). 


THE AVERAGE PRODUCTIVITY 
EFFECTS OF IMPROVED 
MATERIALS 

The operating advantage of pellets over 
domestic ore (and of sinter over domestic ore) 
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derives from fuel savings (primarily coke sav- 
ings) and from reduced unit labor and capital 
costs stemming from a higher throughput of 
materials in, and a higher rate of production of 
iron from, a given configuration of blast fur- 
naces. The fuel savings proved to be significant 
and important. Labor savings were also signifi- 
cant, but much less important, because direct 
labor cost is only 5% to 8% of total cost. Con- 
sequently, labor cost savings will be ignored. 
Capital savings in blast furnaces were certainly 
achieved in the long run as a result of increased 
blast furnace capacity, since firms could delay 
plans to expand blast furnace capacity by 
switching from natural domestic ore to pellets 
(or sinter). Indeed, by shifting to a total pellet 
burden from a total ore burden of ‘normal’ 
domestic ore (with an iron content of 51.5%), it 
was found that the throughput of iron on a 
given blast furnace could be doubled by making 
minor adjustments in operating practice and 
beefing up the capacity of the ancillary equip- 
ment (hot blast stoves, turboblowers etc.). But 
such savings clearly do not apply to all situ- 
ations, since blast furnace capacity is not 
always a bottleneck. 

Two basic equations were estimated from 
industry data covering 1950-1970 in an earlier 
study [1]. The first equation estimates the im- 
pact of purity of materials (the average iron 
content of the iron-bearing materials) and ag- 
glomerates (sinter and pellets) on the rate of 
fuel consumption. The second equation esti- 
mates the effect of average furnace size, purity 
of materials, and agglomerates on blast furnace 
capacity. This equation can be used to appraise 
the contribution of improved materials in sav- 
ing labor and capital in blast furnace oper- 
ations. For both equations, the goodness of fit 
was high. All parameter values were significant 
at the 1% level. 


Pellet % 


Fuel Rate = 0.400 + 0.350 Q(total) — 0.300 100 


Sinter % 


— (0.285 + 0.006 d) * 
100 


B.F. Output = 0.02 Fe% (total) 
(241 + 0.002(HD)? {565 + zSinter % 
+ 5.05 Pellets %%}) 
(where z ranges from 2.48 to more (2) 
than 5.05, depending on sinter 
quality). 


The following definitions and explanations 





Omega 
may be helpful: 


Q(total) = (tons of Fe-bearing materials) 
+ (tons of iron output) 
100 
~ Fe % (total) 
Fe®,(total) = the average iron content of all the iron 
bearing materials used. 
(HD) = hearth diameter squared, which is proportion- 
ate to the hearth area: a measure of blast fur- 
nace size. 


Ibs of lime (CaO) in Sinter 
¢ = 


x 100% 
total lbs of Sinter 


Pellet % and Sinter % refer to their proportions by 
weight in Q(total). Sinter °, is measured after subtracting 
the weight of lime it contains. Pellets and sinter appear 
as separate categories in these equations to capture 
their physical effects (primarily better uniformity of size). 
The variable Fe %(total) reflects the higher purity of 
these agglomerates. 

‘Fuel Rate’ is measured as: 

(tons of coke) + (tons of iron output) 

When coke was supplemented by other injected fuels 
(fuel oil, natural gas, tar and pitch), the latter were 
converted to coke equivalents by taking account of BTU 
differences and other significant features. 

‘B F Output’ = net tons of iron output per 24 hr. 

‘z’ varies from 2.48 to more than 5.05 because, while the 
impact of sinter on output is potentially very high, 
sinter is subject to a large variance in quality. It should 
also be recalled that managerial discretion plays a large 
role in determining blast furnace output. In addition, 
the parameter values for pellets and sinter in equation (2) 
have large variances in individual furnace operations. 


PROBLEMS ENCOUNTERED IN 
USING AVERAGE PRODUCTIVITY 
EFFECTS OF NEW MATERIALS 
TO ASSESS OPERATING RESULTS 
IN INDIVIDUAL PLANTS 


It should be stressed that equations (1) and 
(2) represent only average industry relation- 
ships. Significant deviations from the average 
could be expected in individual plant or fur- 
nace operations with respect to some or all of 
the following: the pressure and temperature of 
the air blast, the general condition of the fur- 
nace(s), the amount of injected fuels used, the 
relative quantities of critical impurities in the 
materials, and the derived demand for iron 
from steelmaking centers in the plant. The 
latter point is particularly important when 
evaluating the productivity in single furnace 
plants. 
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Since World War II, most of the iron pro- 
duced in the US has been ‘basic’, a description 
that applies to the mix of noncarbon impuri- 
ties, such as silicon, sulphur, alumina and 
phosphorous. The product is in molten form 
and is typically refined in steelmaking furnaces 
while still in this form to achieve very signifi- 
cant energy savings. Consequently, in typical 
modern blast furnace operations, iron is purely 
an intermediate product. It cannot be inventor- 
ied for much more than 24hr, and can be 
inventoried for that long only if it is kept in 
vessels heavily insulated against heat losses. 

Once a blast furnace is put into operation, it 
is normally operated continuously for 3-7 
years. The frequency of required overhauls 
depends largely on the rate at which it is 
‘driven’. While a low driving rate (e.g. 30°, 
lower than normal) does little or nothing to 
enhance the campaign life of a furnace, a high 
driving rate (e.g. 30°, higher than normal) can 
shorten its campaign life by 50°, or more. Both 
high and low driving rates increase the con- 
sumption of energy per ton of iron produced 
and cause operating difficulties. It should be 
noted that what is considered to be a normal 
driving rate depends significantly on the mix of 
iron-bearing materials being used. Hence, 
managers can vary the mix to adjust the nor- 
mal rate, within the constraints imposed by 
inventories on hand and long-term contracts 
for iron-bearing materials. 

A decision to shut down a blast furnace 
before it has deteriorated to the point necessi- 
tating an overhaul is a major decision, usually 
only taken when it seems clear, that the 
demand for the finished steel products of the 
plant will be depressed for some lengthy period 
of time, so that running furnaces at low driving 
rates (or altering the mix of non-bearing ma- 
terials) will be more costly than taking one of 
them out of blast. Similarly, the decision to 
start operations on a blast furnace which has 
been held in reserve is a major decision, usually 
only taken if another furnace seems in immin- 
ent need of overhauling, or if management 
expects a sustained increase in demand for the 
finished steel products of the plant, so that run- 
ning the furnaces currently in blast at high 
driving rates would be a more costly alterna- 
tive. 

While building-up and drawing-down inven- 


tories of intermediate and finished steel 
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products can be used to partly buffer the major 
differences in iron produced from N furnaces 
vs N +1 furnaces (where N is frequently a 
small number)°, both the expense of inventory- 
ing large quantities of steel products, and the 
tendency of these products to oxidize when 
stored, have minimized this approach to 
matching the flow of iron production to iron 
needed for steelmaking. 

Another technique of adjusting for a mis- 
match between iron supplied and iron needed 
is to vary the proportion of steel scrap con- 
sumed in steel furnaces®. This was done more 
easily during the 1950s and early 1960s, when 
the bulk of steel was still made in open hearth 
furnaces, than it has been in recent years, 





° N has rarely been larger than 10 for a single plant since 
the late 1940s, and has been declining dramatically during 
the last two decades. 

© Steel furnaces can be started or stopped daily. Conse- 
quently, they are not much of a factor in the mismatch 
between iron supplied and the internally derived demand 
for iron. 
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because the principal source of steel capacity 
has become basic oxygen furnaces, which are 
more limited in the range of molten iron to 
scrap ratios with which they can be operated. 

Even given these methods of matching iron 
production with iron demand, however, many 
plants operating only one to three blast fur- 
naces have been forced by demand variations 
to drive them faster or slower than would be 
optimal for minimizing energy expenditures 
and operating problems, and for maximizing 
the campaign life of the furnace. 

It should also be noted that the performance 
characteristics of a given blast furnace depend 
critically at the stage of its campaign life when 
it is evaluated. That is, they depend on how 
hard and how long the furnace has been 
driven. As the furnace nears the end of its cam- 
paign life, operating problems begin to mul- 
tiply, increased manpower and funds need to 
be spent on repairs, energy consumption rises 
somewhat, and the rate of production falls, 
sometimes quite significantly. 


TABLE 1. IRON-BEARING INPUTS: RATES OF USE AND IRON CONTENT 





Operating 
period 


Input rate’ & 
percent iron 


Pellets 


Total iron 


Sinter? Ore inputs 


Scrap? 





Rate 0 
% Iron 
Rate 0 
*% Iron 
Rate 

% Iron 
Rate 

% Iron 


Early 
Middle 
Late(1)° 
Late(2)° 


Rate 
% Iron 
Rate 
% Iron 
Rate 
% Iron 


Early 
Middle 
Late 


Rate 
% Iron 
Rate 
% Iron 
Rate 
% Iron 


Early 
Middle 


Late 


(63.5%) 


(63.5*) 
0.692 
(63.5) 


1.192 
(62.0) 


0.454 
(51.0) 
1.063 0.618 
(63.9) (53.2) 
0.820 0 
(62.8) (51.54) 
0.801 
(61.3) 


0.072 
(41+) 
0.011 
(0*) 
0.058 
(40*) 
0.007 
(40*) 


1.718 
(58.2%) 
1.692 
(59.1%) 
1.570 
(62.3*) 
1.598 
(62.4*) 


0 
(51.5*) 


0.903 
(62.7) 

0.579 
(61.4) 

0.594 
(61.8) 


0.185 
(55.9) 

0.052 
(56.4) 

0.023 
(56.6) 


0.078 
(69.1) 

0.081 
(68.2) 

0.089 
(66.9) 


1.556 
(62.74) 
1.537 
(63.14) 
1.598 
(62.3*) 


0.36 
(61.8) 
0.37 
(61.9) 
0.41 
(60.0) 


0.13 
(62.2) 
0.04 
(62.7) 
0.21 
(64.4) 





‘Input rate = tons of iron-bearing input per ton of hot metal produced. 
“Percent iron determined by subtracting weight of lime from all other sinter ingredients after sinter is made: 


e.g. 54%, pure iron sinter with 10% lime by weight yields: 


100 x Fe% 


100 — % lime weight in sinter 90 


_ 100 x 54 


= 60%. 


: Low iron percentages due to this category’s coverage of all recycled materials, including open hearth slag. 
Estimated. Percent for total iron inputs is a weighted average of various inputs. 

rie ape! 

~ Two late periods because of some operating difficulties in the second late period. 
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RAW SAMPLE DATA BEARING 
ON PHYSICAL OPERATIONS 


The sample plants, their letter designations, 
and their approximate locations were: 


B = Chicago area 
C = Eastern Ohio Valley 
D = East Coast 


Data were not obtained for every year of 
operation. Rather, physical and financial data 
were obtained for ‘early’, ‘middle’ and ‘late’ 
periods of operation within the overall 
1964-1974 period. These three subperiods do 
not match perfectly for all plants in the sample. 
The ‘periods of operation’ typically covered 
three months of continuous operations on one 
or more blast furnaces. 

Table 1 reports the mix of iron-bearing ma- 
terials consumed (and their associated iron per- 
centages) in the three sample plants. Note that 
the Fe (i.e. iron) percentages of pellets are 
slightly higher than those of sinter, while both 
these agglomerates have much higher Fe per- 
centages than do the ores used by B and C. 
Also note that the Fe percentage of ore is low- 
est in B, the Chicago area plant, which depends 
on Lake Superior mines for its ores, while the 
Fe percentage of ore is highest in D, the East 
Coast plant, which obtains its (high quality) 
ores from foreign mines. The Fe percentage of 
C is in between the values for the other plants, 
reflecting C’s use of ore from both Lake Super- 
ior and foreign mines. Plants B and C also 
demonstrate a healthy variance in the relative 
quantities of pellets and sinter consumed dur- 
ing the sample operating periods. Plant D, un- 
fortunately, provided operating data with only 
modest variance in these critical dimensions. 

Table 2 indicates there were no dramatic 
shifts in the fuel rate in our three samples 
plants, except for the rise from the Early to 
Middle period in plant B. Only two large shifts 
in blast furnace output occurred, one in plant 
B during Late period (2), and the other in plant 
D during the Middle period. The drop in plant 
B (approx 30%) has been established clearly to 
be the result of physical deterioration in this 
furnace as it neared the end of its campaign 
life. The rise in plant D (approx 25%) was most 
likely the result in part of a ‘discretionary’ 
managerial decision to drive this furnace at a 
fast pace. 
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TABLE 2. FUEL RATES AND PRODUCTION RATES ON THI 


SAMPLE BLAST FURNACES 





Plant Period Fuel rate' Production rate? 





1905 
1790 
1920 
1385* 


B Early 
Middle 
Late (1) 
Late (2) 


0.528 
0.626 
0.603° 
0.649 


0.659 
0.699 
0.669° 


Early 
Middle 
Late 


1775 
1820 


0.595 
0.626 
0.659 


Early 
Middle 
Late 





' All fuels were converted to coke on a BTU-equivalency 
basis. The fuel rate is the ratio of coke consumed to hot 
metal produced. 

? Net tons per blast furnace day. These figures are by no 
means comparable across plants because of differences in 
size of furnaces. 

3 Significant quantities of injected fuels were used. This 
has a beneficial impact on blast furnace productivity. 

* This furnace was nearing the end of its campaign life. 


In Table 3, the input rates for pellets alone, 
and for pellets and sinter combined (see 
Table 1), are contrasted with the fuel rates and 
blast furnace production rates reported in 
Table 2. 

Comparisons of the Middle period to Late 
period (1) in plant B, Early to Middle in plant 
C, and Middle to Late in plant D (which cover 
the three largest changes in pellet consumption 
in our sample) reveal only modest impacts on 
performance. Part of the explanation for this 
observation may be due to the limited variance 
in the combined consumption of pellets and 
sinter per ton of iron produced (column 2 in 
Table 3). The variance in this combined rate 
was generally much lower than the variance in 
the pellet rate alone. Since sinter is highly vari- 
able in quality, ranging from slightly better 
than ore to as good as pellets, the limited vari- 
ance in the consumption of both sinter and 
pellets clouds the determination of pellets’ 
effects alone from the sample data. 

The drop in the fuel rate and the increase in 
daily output in plant B are supportive of the 
effects expected. But the increased use of fuel 
injection (indicated by an asterisk in Table 3) 
may have promoted these effects, while a con- 
trary influence would be expected from the 
huge decline in sinter consumption (causing the 
combined sinter and pellet rate to fall from 
1.06 to 0.82 tons). 
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TABLE 3. INPUT RATES OF KEY IRON-BEARING MATERIALS AND ASSOCIATED FUEL RATES AND 
FURNACE PRODUCTIVITIES 





Pellet and 
sinter rate 


Plant Period Pellet rate 


Furnace 


Fuel rate productivity 





B Early 
Middle 
Late (1) 
Late (2) 


0.69 
0.79 


0.39 
0.83 
0.89 


Early 
Middle 
Late 


0.99 
1.07 
0.87 


Early 
Middle 
Late 


1.19 0.53 1905 
1790 
1920 


1385 


1775 
1820 
1970 


2660 
3325 
2685 





Source: Tables 1 and 2. 


' Significant amounts of injected fuels were used in conjunction with coke. 


In plant C, where an increase in the pellet 
rate during the Middle period was not com- 
pletely offset by a decline in the sinter rate, the 
fuel rate actually rose, contrary to expectations, 
although the rate of production also rose, as 
expected. In plant D, the reduction in the pellet 
rate from the Middle to the Late period (which 
was not offset by an increase in the sinter rate) 
was accompanied by an increase in the fuel 
rate and a decrease in daily output. Both these 
effects were expected. But the drop in the rate 
of production of 20% may have been due 
partly to a managerial decision to lower the 
driving rate to a pace considered closer to nor- 
mal (as mentioned earlier). 

The same modest support for the expected 
effects of pellets is derived by comparing the 
changes in fuel rate and furnace output to 
changes in the pellet rate in plant C from the 
Middle to the Late period and in plant D from 
the Early to the Late period. 

The major shortcoming of the data is that 
they convey inadequate information about the 
quality of the respective types of iron-bearing 
and other materials used (particularly ore and 
coke), and also about the condition of the blast 
furnaces and related equipment sampled. For 
example, on the basis of follow up exchanges 
with corporate accountants, we know that the 
quality of coking coal was deteriorating in all 
three sample plants during the 11-year period 
covered. The ash content of the coke produced 
rose and the stability of the coke dropped, both 
significantly. The increased ash _ content 
required more limestone for fluxing (which in 


turn increased the fuel requirement), while the 
declining stability of the coke lowered the nor- 
mal rate of production and increased the fuel 
requirement further. Without precise figures on 
the magnitude of this deterioration in coke 
quality, it is difficult to know how much of an 
adjustment to make for this change over time. 

The size of the sample was obviously too 
small to allow proper adjustments for all 
sources of confounding variance and to permit 
Statistically effective evaluations of the effects 
of pellets and sinter on fuel rates and blast fur- 
nace productivity. Statistical determinations of 
the relationships between physical performance 
and the kinds of inputs used are difficult to 
make because they are affected by the quality 
of almost every input, which can vary signifi- 
cantly, and also by managerial decisions about 
how fast to drive blast furnaces, which further 
influence these already somewhat elusive re- 
lationships. Thus, simply measuring the quanti- 
ties of various iron-bearing materials without 
detailed information about their respective 
qualities is not sufficient to explain the often 
substantial variations in individual blast fur- 
nace operations. 

An unanswered question in this context is 
whether sufficient information (degrees of free- 
dom) could be obtained by drawing a manage- 
able sample to disentangle the effects of all 
forces on the productivities of all inputs of all 
blast furnaces in a given plant. (Recall we are 
holding constant the effects of technological 
improvements in equipment and operating 
practice). 
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CONTRASTING THE RAW 
PHYSICAL DATA WITH THE 
AVERAGE PRODUCTIVITIES 

OF NEW MATERIALS 


In spite of all the possible sources of con- 
founding variance, our sample plants were 
large enough (with at least four blast furnaces 
in operation at any moment) so that manager- 
ial discretion does not appear to have played a 
major role in determining fuel rates or rates of 
production’. If this appearance is correct, then 
the deviations from industry norms should be 
explainable in terms of materials qualities, par- 
ticularly the chemical composition of the im- 
purities in the iron-bearing materials, since this 
composition can vary significantly in indivi- 
dual furnace operations. 

Table 4 indicates the efficacy (or lack there- 
of) of equation (1) in predicting fuel rates at the 
plant level. Column 1 in this table shows that 
the error rate is quite high in some instances. 
In 4 (out of 10) observations, the error is negli- 
gible, while in three other observations the pre- 
dicted fuel rate is too high and in the remain- 





7 Data obtained from two other plants, A and E, had to 
be discarded precisely because A and E were single-furnace 
plants whose driving rates were very atypical. 
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ing three cases it is too low. As discussed 
before, these prediction errors are in large part 
traceable to variances in quality within major 
categories of iron-bearing materials. They are 
also the result of differences in coke quality, 
and differences in general furnace conditions 
and driving rates. 

It would be reassuring to note that unex- 
pected variance in the flux rate is a good pre- 
dictor of the prediction errors for the fuel rate, 
because the flux rate should be a good predictor 
of the level and composition of impurities. The 
amount of flux needed is proportionate to the 
level of undesirable impurities in the coke or 
iron-bearing materials. As we explained earlier, 
each category of input we are using in this 
study is not homogeneous, and variances in 
their chemical quality should be expected 
across plants and over time. Those plants using 
materials with unusually high levels of impuri- 
ties need to add greater amounts of flux to the 
other solid materials charged into the blast fur- 
nace in order to produce iron of acceptable 
purity. But those plants using greater-than- 
average amounts of flux per ton of iron pro- 
duced also need greater-than-average amounts 
of fuel per ton of iron produced to calcine and 
melt the extra flux material. 


TABLE 4. PREDICTED VERSUS ACTUAL FUEL RATES 





Fuel rate 


Proportions of agglomerates (°,, of 
total Fe materials) 





Predicted 
minus 
actual 


Operating 


period Predicted! Actual 


Actual 
injected 
fuel 
rate 


Total Pellets 


Sinter? 





0.203 
0.149 
(0.009) 
(0.019) 


0.731 
0.775 
0.594 
0.630 


Early 

Middle 
Late (1) 
Late (2) 


0.528 
0.626 
0.603 
0.649 


Early 
Middle 
Late 


(0.056) 
(0.107) 
(0.072) 


0.603 
0.592 
0.597 


0.659 
0.699 
0.669 


0.036 
(0.016) 
(0.011) 


Early 
Middle 
Late 


0.631 
0.610 
0.648 


0.595 
0.626 
0.659 


0.0 
0.0 
0.0714 
0.0 


0.002 
0.015° 
0.115% 


0.0474 
0.025* 
0.0044 





' Predicted from Fuel Rate = 0.40 + 0.35 Q(total) — 0.30 


Pellet % 
100 


— [0.285 + 0.006d] 


? Measured net of sinter flux, which is treated as a separate input. 


3 Oil and Pitch The injected fuel rate is measured as a coke rate equivalent by adjusting for BTU 
higher blast temperature used with injected fuels. 


* Natural gas 


differences and the 
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The following equation was estimated from 
industry level data covering 1950-19708: 


Pellet % 
Flux Rate = 0.02 + 0.25 Q(total) — 0.29 “0 


Sinter % 
— 0.17 — (3) 
100 
Prediction errors resulting from the application 
of this equation to the plant level data appear 
to be closely correlated with prediction errors 
in the fuel rate (compare the last column of 
Table 5 with the first column of Table 4). 
Regression analysis confirms this observation 
(the R? is 0.75): 

Predicted Fuel Rate (based on equation (1)) — Actual 
Fuel Rate (Sample Data) = 0.03 + 1.17 (Predicted Flux 
Rate (equation (3)) — Actual Flux Rate (Sample Data)). (4) 


The low intercept value adds even more credi- 
bility to our explanation for the poor predicta- 
bility of equation (1) applied to our sample 
data, and our explanation for this poor predic- 
tability. It suggests there are not significant 
missing variables, or that such variables are 
correlated with the deviations of the actual 
from the predicted flux rate. 





8 Boylan [1]. 

°It should be noted that output values predicted by 
equation (2) were adjusted upwards to account for the 
effects of fuel injection and sinter flux, which are not 


included as variables in this equation. See last two columns 
in Table 6. 
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In Table 6, equation (2) was used to predict 
blast furnace output and the predictions were 
compared to actual output’. Even allowing for 
the differential impact of sinter, the relative 
prediction errors are often quite high, with 
consistent overprediction in plant C and con- 
sistent underprediction in plant D. The major 
prediction error in plant B during the most 
recent operating period is the result of the very 
poor condition of the blast furnace represent- 
ing this plant during that period. The inaccur- 
ate predictions may or may not reflect the 
managerial discretion that can be exercised in 
choosing production rates. There is no way to 
be certain. 


ASSESSING THE FINANCIAL 
EFFECTS OF PRODUCTIVITY 
CHANGES 


Table 7 reports the raw financial data cover- 
mg the purchase prices of pellets and ore 
(which may be transfer prices for all three 
plants) and the unit cost of sinter for all sample 
periods. Comparing columns 4 and 5 in this 
table, note that the price of pellets was lower 
than the unit variable cost of sinter in every 
case (after adjusting for differences in their iron 
contents), despite the general expectation that 
pellets are superior to sinter in saving fuel and 
increasing furnace production rates. This is cer- 
tainly a surprising finding. 


TABLE 5. PREDICTED VERSUS ACTUAL FLUX RATES 





Sinter flux 





Associated 
flux 
rate! 


Lime as 
a % of 
sinter 


Operating 


Plant period 


Total flux rate 





Directly 
charged 
flux rate 


Predicted 
minus 
actual 


Actual Predicted? 





B Early 
Middle 
Late (1) 
Late (2) 


0.214 
0.168 
0.212 
0.204 


Early 
Middle 
Late 


0.314 
0.146 
0.208 


Early 
Middle 
Late 


0.030 
0.058 
0.067 


0.065 
0.129 
0.054 
0.063 


0.279 
0.297 
0.266 
0.267 


0.083 
0.074 
(0.014) 
(0.053) 


0.027 
0.181 
0.108 


0.341 
0.372 
0.316 


(0.061) 
(0.136) 
(0.108) 


0.120 
0.125 
0.142 


0.156 
0.183 
0.208 


(0.025) 
(0.009) 
(0.001) 





' The associated flux rate is determined from the sinter proportion (reported as ‘Sinter °,, in Table 4). 


? Predicted from Flux Rate = 0.02 + 0.25 Q(total) — 0.29 - = 


Pellet % Sinter % 
— — 0.166 ———_.. 
100 
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Boylan—Evaluating Input Changes in a Given Facility—Iron Making 


TABLE 7. PURCHASE PRICES FOR PELLETS AND ORE, AND UNIT COSTS FOR SINTER (Dollars per Net 
Ton) 





Values for pellets and sinter lowered 


Raw values to account for their higher iron contents! 





(1) (2) (3) (4) (5) 


Period Pellets Sinter Ore Pellets Sinter? 





5.96 
6.87 
9.42 
8.89 


6.72-9.647 
8.03-11.19 
10.72-14.30 
10.10-13.39 


Early NA° 
Middle NA 

Late (1) 9.31 
Late (2) 10.23 


3.53 NA 
5.80 NA 
5.95 792 
6.38 8.72 


16.86 
16.93 
26.71 


16.55-16.904* 
18.27-18.61 
27.06-27.19 


16.86 
16.93 
26.71 


14.94 
15.13 
24.77 


15.03 
17.13 
25.28 


Early 
Middle 
Late 


12.41 
13.11 
17.60 


12.40 
14.77 
17.24 


Early 
Middle 
Late 


12.41 
13.11 
17.60 


12.10 
12.87 
17.52 


12.46 
14.93 
18.37 





! This adjustment was made on a proportionate basis. 
The first figure is unit variable cost; the second is unit total cost, including all allocated 


fixed costs. 
3 Unit variable costs only are reported. 


* The first figure is unit variable cost; the second is unit variable cost plus annual deprecia- 


tion per ton of sinter produced. 
°> NA = Not available. 


The price of ore (reported in column 3) in 
plant B was lower than the price of pellets and 
the unit variable cost of sinter, as expected 


(after adjusting for differences in their iron con- 
tents). But in plant D, the price of ore was 
higher than the price of pellets (although still 
lower than the unit variable cost of sinter in 
each sample period. And in plant C, ore was 
more costly than either sinter or pellets, a 
result that seems clearly unexpected consider- 
ing the operating advantages expected from the 
agglomerates. 

The data in Table 7 should be interpreted 
with some caution because there are a number 
of considerations that suggest these data are 
not comparable across sample plants or over 
time within the same plant. 

Arbitrariness in firms’ accounting records 
may arise because some firms are supplied by 
their own (captive) mines, while others pur- 
chase iron-bearing materials from unaffiliated 
firms. And the same consuming firm may pur- 
chase some materials from unaffiliated firms, 
while other materials are provided by captive 
mines. Over time, the same type of material 
may be both purchased and provided by cap- 
tive mines. Also, sales can be made under long- 
term contracts, or at short-term (spot) prices 
which reflect the immediate ‘pressures’ of sup- 


ply and demand. Transfer prices for materials 
delivered to a plant from captive mines deviate 
frequently from published ‘list’ prices applic- 
able to the same area for interfirm transactions. 
And the latter often differ from the actual (and 
unpublished) spot prices which reflect dis- 
counts or premiums based on short-term mar- 
ket conditions, and may also differ from long- 
term (also unpublished) contract prices which 
reflect long-term expected market conditions. 
Simply obtaining data reporting the prices 
paid for iron-bearing materials does not reveal 
what kind of transaction actually occurred. 
And this information is frequently recorded im- 
precisely in firms’ accounting records. For 
example, pellets were frequently purchased by 
firms in our sample from two or three different 
sources in the same period. The base quantity 
would be purchased under long-term contract 
(or provided by captive mines) while the rest 
was purchased at spot market prices. These 
data would be recorded as “X tons of pellets 
costing Y dollars,” making it impossible to 
disentangle the different prices actually paid. 
In a period of sharp increase in demand for 
pellets with supply constrained by pellet plant 
capacity, it is likely that internal accounting 
prices are below published ‘list’ prices, while 
the list prices (which tend to approximate long- 
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term market prices) are significantly lower than 
actual transaction prices when blast furnaces 
are supplied by unaffiliated ore forms at spot 
market prices. Once the supply of pellets is 
large enough to meet the demand for them at 
pellet prices that approximate long-term mar- 
ket prices, list prices and long-term contract 
market prices should be approximately equal. 
Short-term spot market prices should be some- 
what higher than list because of the greater 
transactions costs involved, while internal 
transfer prices may be lower than or equal to 
list prices, depending on the firm’s accounting 
procedures. 

The same pattern of relationships applies to 
ore prices. Indeed, as was noted earlier, ‘higher’ 
ore prices may overlap with ‘lower’ pellet 
prices (as they did in plants B and C on an 
Fe-adjusted basis), a situation that clearly does 
not represent long-run equilibrium, given the 
relative operating advantages of pellets in the 
blast furnace sector. 

Since unit variable and unit total costs for 
sinter depend strongly on prices for ore fines, 
these costs are also subject to considerable 
variance arising from variance in the kinds of 
purchase arrangements made for ore fines. 
Indeed, as was also noted earlier, the Fe- 
adjusted unit variable costs for sinter exceeded 
the prices for pellets in every sample period for 
every plant, despite the fact that pellets prob- 
ably yielded better gains in physical perform- 
ance. 

At the beginning of this paper, the problem 
of a changing baseline in evaluating pro- 
ductivity changes was discussed. At this point, 
we must confront that issue again. Should the 
actual changes in fuel rates and blast furnace 
production rates be used to assess the relative 
attraction of using improved materials (sinter 
and pellets)? It appears that the correct answer 
is that these changes are misleading. Changes 
in actual flux rates were considerably different 
than would be expected if each plant had used 
a grade of ore, sinter, and pellets (and had ex- 
perienced operating conditions) that were near 
the average for all plants in the US during 
1964-1974. Indeed, after adjusting for unex- 
pected changes in the actual flux rates, it has 
been shown that the industry-based equation 
(1) is a fairly good explanation of changes in 
the actual fuel rates (although its counterpart, 
equation (2), is somewhat less successful in 
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accounting for actual rates of production). It 
would appear that adhering to the predictions 
made by equation (1) is preferable to simply 
attributing any changes in the actual fuel rates 
to increases or decreases in the proportions of 
agglomerates consumed. Consequently, in the 
remainder of this paper, this approach is 
adopted. We have also provided cautious value 
estimates for sinter and pellets by not attribut- 
ing any value to these agglomerates for increas- 
ing the ironmaking capacity of the sample 
plants and lowering labor requirements. 

The savings in fuel costs attributable to one 
extra ton of pellets replacing B tons of ore is 
(based on equation (1)): 


(0.35 (B — 1) + 0.003 Fe(pellets)) P(fuel), 


P(fuel) = price of fuel. 


B= Fe(pellets) | 


Fe(ore) 
The premium value of a ton of pellets over a 
ton of ore can be defined as: 
V, — P(ore) = (B — 1) x P(ore) + [0.35(B — 1) 
+ 0.003 Fe(pellets)] x P(fuel), 
where V, 


= value of a ton of pellets 
and P(ore) = 


price of ore. (5) 


The term ‘(B — 1)P(ore) represents the pre- 
mium in the value of pellets due to their higher 
iron content; 0.35 (B — 1)P(fuel) represents the 
saving in fuel cost resulting from the higher 
iron content of pellets; and 0.003 Fe(pellets) 
P(fuel) is the fuel cost saving derived from the 
superior physical properties of pellets. 

The total value of a ton of pellets (or a ton of 
sinter) is thus seen to depend on the price of its 
fundamental substitute (ore), on the quality of 
that substitute, and on the value of fuel that is 
saved by using pellets. Table 8 summarizes the 
results of calculations made by using equation 
(5) and its (unspecified) counterpart equation 
(6) for sinter. It compares these estimated 
values for pellets and sinter to their actual 
prices. 

The much lower prices for iron-bearing ma- 
terials in plant B seem to reflect the advan- 
tageous location of Chicago to the Lake Super- 
ior mines. Prices for iron-bearing materials 
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consumed in plant D were much higher than 
their counterparts in C, reflecting the fact that 
ocean transport costs from foreign mines were 
much lower than the combined shipping costs 
on the Great Lakes and the railroad haulage 
costs incurred by shipments of domestic ores to 
plant C. 

In the last three columns of Table 8, notice 
that the small margin of superiority of pellets 
over ore (and sinter over ore) during the Early 
and Middle operating periods was increased 
substantially in the Late periods by the very 
large increases in the cost of coke. Another 
finding is that pellets appear to be marginally 
superior to sinter in the Chicago (B) and East 
Coast (D) plants, but that the values of pellets 
and sinter appear to be approximately equal in 
the Eastern Ohio Valley plant (C). This finding 
supports the long-cited rule of thumb that ‘ore 
should move to coal, rather than vice versa,’ 
because the proximity of coking coal mines to 
plant C means that the delivered price of coal 
was lower there than in B or D and, conse- 
quently, the value of a given amount of fuel 
saving was smaller. 

What is most astonishing is that plant B did 
not use pellets until the two Late periods, par- 
ticularly since this firm seemed to derive a 
larger advantage from pellets (compared to 
either ore or sinter) than its rivals, which would 
be expected from its location. Although this 
seems to be a clear case of a cautious adopter, 
this conclusion does not consider the possibi- 
lity that blast furance capacity may have been 


Ome. 8 5--¢ 


less of a bottleneck in plant B than in the other 
two plants. 

It is possible that the continued reliance of 
plants B and D on both pellets and sinter, des- 
pite the measured superiority of pellets, may 
reflect their practice of using overfluxed sinter. 
Also, the small estimated advantages of pellets 
over sinter may reflect many other factors 
which were discussed as possible sources of 
confusion in earlier parts of this chapter. 
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This paper examines the physical and economic performance of a major innovation in steel making, 
the Basic Oxygen Furnace, and compares it with the performance of the traditional, open-hearth 
process. Evaluations are based on actual records from five American plants, covering three different 
time periods, and are set against engineering and management expectations as to the innovation’s 
effects. Interviews with managers and technical personnel complemented the statistical findings. The 
analysis considers: how the attractiveness of the innovation was determined ex ante; the relative 
accuracy of the expected technological and economic expectations; the interactions of the innovation 
with the surrounding production system; and the objectives of post-installation technical and mana- 


gerial adaptations. 


INTRODUCTION 


THE FACT that it becomes progressively more 
difficult for established industries to effect 
‘technological revolutions’, even if a supply of 
potentially applicable innovations exists, has 
long been recognized.* Nevertheless, conven- 
tional wisdom—supported by vastly simplified 
microeconomic models—has come to regard 
the wholesale adoption of all available new 
technologies as a nostrum for the competitive 
ills of mature firms and industries. Or, con- 
versely, critics of such industries have attri- 
buted increases in unit costs and declines in 
international competitiveness to failures to 
adopt specific major innovations. 

Criticisms of this type rest on the assump- 
tion that the plants in a given industry are 
essentially homogeneous entities, that the inno- 





‘ Empirical work for this paper was carried out in the 
framework of a broader investigation of the effects of 
several major innovations on the American iron and steel 
industry, conducted under National Science Foundation 
Contract 7518861. 

? For an early example, see the classic paper by Kuznets 
[16]. 

*In the case of the American iron and steel industry, 
such contentions have given rise to several protracted con- 
troversies in the literature. See, for example, 
[1, 2, 6, 18, 21, 30]. 
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vation is a technically well-defined, invariant 
combination of inputs, that the benefits and 
costs of adoption are well-known ex ante, and 
that competitive markets will always lead to a 
congruence between socially optimal and pri- 
vately rational rates of diffusion.* Such hind- 
sight evaluations frequently tend to be sup- 
ported by abstract engineering estimates of an 
innovation’s performance advantages, which 
are ‘costed out’ on the basis of prevailing econ- 
omic and financial parameters and then 
applied to each production system as though it 
were an exact replica of all others in an 
industry and as though the innovation, despite 
its characterization as ‘major’, had no repercus- 
sions throughout the rest of the system. 

The shortcomings of these approaches have 
been pointed out repeatedly, on theoretical and 
empirical grounds [11,12]. The issue rises 
beyond academic interest and beyond the 
evaluation of decentralized managerial deci- 
sions when recommendations for national 
industrial policy are based on the supposition 
that the rapid diffusion of technological 
advances will ipso facto generate a significant 
enhancement of a sector’s international com- 
petitive performance. Suggestions along these 
lines have played a major role in recent dis- 
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cussions of alternative strategies for strengthen- 
ing America’s iron and steel industry. In 
particular, these discussions have centered 
around the comparative costs and benefits of 
investment in greenfield plants designed on 
state-of-the-art technology and scale, versus the 
strategy of ‘rounding out’, of eliminating 
bottlenecks in production, and of incremental 
expansion in existing, integrated steel mills.* 

Clearly, these questions cannot be answered 
on the basis of abstract cost data or industry 
averages. Yet the paucity of plant-specific stat- 
istics has kept much of the discussion at pre- 
cisely this unwarranted level of generality. A 
series of studies undertaken at the Research 
Program in Industrial Economics of Case 
Western Reserve University represent a first 
step toward remedying this state of affairs (the 
complete findings of these studies are presented 
in [14]). Based on complete access to the 
physical performance and financial records of 
five large iron and steel mills, these studies 
addressed a straightforward empirical ques- 
tion: how much better did major innovations, 
inserted into existing production systems, per- 
form than the traditional technology? While 
the number of cases examined clearly falls 
short of the statistician’s criteria for adequate 
sample size. and while the plants and firms 
involved must of necessity remain anonymous, 
the results have the merit of reflecting actual 
experience. 

The innovation reported on in the present 
paper is the basic oxygen furnace (BOF). After 
a brief description of the process and a dis- 
cussion of its expected economic effects, the 
main section of the paper presents the empiri- 
cal cost findings; their implications are dis- 
cussed in a concluding section. 


CHARACTERISTICS AND 
EXPECTED EFFECTS OF THE 
INNOVATION 


Pioneered by the Austrian steel industry in 
the early 1950s, the BOF today accounts for 





* The efficacy of the latter policy was evaluated by the 
Council on Wage and Price Stability [5], but its conclu- 
sions were challenged in. among others, [13, 20]. 

* There exists a copious literature on the origins, devel- 
opment, and diffusion of the innovation. Outstanding 
examples are [6, 7,17, 19,25,27, 29]. Detailed, periodical 
reports on worldwide BOF installations can be found in 


[15]. 
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the bulk of all carbon steel produced in inte- 
grated mills°. In Japan and in many newly 
industrializing economies, the innovation pro- 
vided the basis for substantial capacity expan- 
sions through the construction of greenfield 
plants. In Western Europe and in the United 
States, it served mainly to replace or sup- 
plement the traditional, open-hearth process in 
existing steel mills. Figure 1 shows that diffu- 
sion in the American industry during our 
twenty-year survey period was quite rapid; by 
1974, approx 72 million tons of annual ca- 
pacity were installed. By this time, the BOF 
had also been adapted to the production of 
alloy steels. 

In the BOF process, molten iron (delivered 
from the blast furnace plant) and steel scrap— 
the latter to a maximum of roughly 35% of the 
total metallic charge—are placed into a pear- 
shaped, refractory-lined vessel which can be 
tilted about an horizontal axis. High-purity 
oxygen is then blown onto the surface of this 
charge through a retractable, water-cooled 
lance. After completion of the refining stage, 
the molten steel is discharged into a ladle, to be 
poured into ingots or taken to a continuous 
casting machine. 

The typical BOF shop incorporates two or 
three converters, which may range in capacity 
(batch size) from 35 to 350 tons. In the more 


Total raw steel 


BOF process output (% of total) 





4 4 —— 
1955 1965 1970 1974 
Fic. 1. Percentage of total raw steel output and of alloy steel 
output accounted for by the BOF process, American steel 
mills, 1955-1974 (from various issues of the Annual Statisti- 
cal Report of the American Iron and Steel Institute, Wash- 


ington DC). 
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common two-converter shop, one vessel is in 
operation while the other is being repaired and 
relined with refractories; however, as learning 
and improvements in lining materials extended 
campaign lives beyond original design targets, 
some plants managed to operate both vessels 
simultaneously for short periods. At this point, 
materials handling and charging capabilities, as 
well as emission (iron oxide dust) control prob- 
lems, began to act as constraints on the 
achievement of higher output rates. In three- 
converter shops, two vessels are in operation 
while the third is being serviced. 

Three technical characteristics of the BOF 
mainly influence its economic performance, as 
compared to the traditional process tech- 
nology: 


(1) Relying on the reaction of oxygen with the 
molten-iron charge, the process requires no 
external source of energy, although this sav- 
ing must of course be balanced against the 
energy consumed in the manufacture of 
bulk oxygen. (On the other hand, since oxy- 
gen is typically purchased on a pay-as- 
you-go basis from outside suppliers, steel 
firms do not have to invest in oxygen- 
making facilities). 


Heat times, i.e. the time elapsing between 
charging and pouring, are in the range of 35 
to 55 minutes, as against 8 to 10 hours for 
the open hearth process (and 4 to 5 hours 
for electric furnaces, the other steel-making 
technology). 


While electric furnaces operate with a cold 
metal (scrap) charge, and open hearth fur- 
naces are entirely flexible with respect to 
the proportions of hot and cold metal 
charged, albeit with significant effects on 
costs, satisfactory performance of the BOF 
requires that scrap charges by no higher 
than the above-mentioned 35%. Techniques 
for overcoming this constraint through the 
pre-heating of scrap or through supplemen- 
tary fuel injection into the converter have 
been developed; however, except under 
conditions of very low energy costs these 
solutions are not economical. 


In combination, these characteristics carried 
with them another economic implication: given 


the differences among techniques in input com- 
position and operating modes, and considering 
the fact that no American firm seriously con- 
templated investment in a new open-hearth 
facility after the early 1950s, the choice con- 
fronting managements involved only the rate at 
which the open hearth would be replaced in 
existing plants by the BOF—a decision that 
would be strongly influenced by such factors as 
blast furnace capacity and the amount of home 
scrap generated in the subsequent production 
Stages of vertically integrated mills. 

In discussing these decisions, one must also 
consider the evolution of equipment size, since 
this had a major influence on the suitability of 
the innovation for existing mills of a given 
capacity and structure. Thus, for example, the 
more frequent output batches made new 
demands on materials-handling capabilities. As 
is frequently the case with new industrial pro- 
cess equipment, the question was not initially 
one of potential scale economies from larger 
production units, but rather of the sheer tech- 
nical feasibility of producing and using larger 
equipment. The pioneering ‘commercial’ instal- 
lations in Europe consisted of converters in the 
30-40 ton range, a size clearly unattractively 
small for American conditions. The first facility 
in the United States, in a relatively low- 
capacity, single-plant firm, consisted of 60-ton 
vessels. European experts originally believed 
that converters of over 70 tons capacity would 
not function satisfactorily because of oxygen- 
flow problems, and they so advised the 
American firm which first decided to install a 
much larger set of converters [3]. These con- 
cerns proved largely unjustified; the scaling-up 
of equipment proceeded with few difficulties 
and was slowed down in specific situations, if 
at all, mostly by considerations of hot-iron 
availability and materials handling capability. 

Given these considerations, scale economies, 
especially with respect to unit investment costs, 
were of interest to managements not because of 
any comparisons with new open-hearth shops 
as a viable technological alternative, but 
because such scale effects might justify either 
the construction of BOF facilities temporarily 
out of balance with the rest of the plant (the 
cost of carrying excess capacity being lower 
than the anticipated cost of piecemeal. expan- 
sion at a later time), or the provision of struc- 
tures and ancillary equipment large enough to 
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permit the future conversion of two-vessel into 
three-vesse! shops. 

In an industry plagued by chronic capital 
shortages, the effect of plant size on unit invest- 
ment cost obviously is of great interest. From 
the very introduction of the first BOF installa- 
tions there was little disagreement that these 
costs would be between 33 and 50% lower than 
they had been for comparable open-hearth 
shops, after allowance for inflation. By 1965, on 
the basis of what were then considered large 
(1.5 to 2.2 million tons per year capacity) 
plants, the promoters of the new technology 
claimed a unit investment cost of $15, as com- 
pared with a (hypothetical) cost of $35 per ton 
of annual capacity for open-hearth shops [26]. 

Estimates of the reduction of unit investment 
costs with plant size increases ranged from 22 
to 28°. for an increase from 500,000 to 1 mil- 
lion tons, 12 to 15°, for a further increase to 
1.5 million tons, and 3 to 9% for a scaling-up 
to 2 million tons of annual capacity (for details 
see [22]). These expectations, together with the 
fact that doubts about the technical and metal- 
lurgical feasibility of very large converters were 
rapidly being dispelled in the United States 
and abroad, served as an impetus for the deci- 
sion to adopt the BOF in vertically integrated 
steel mills of large size typical for the American 
industry. That a number of these installations 
were well below the theoretically ‘optimal’ size 
reflected mainly the existing structure of pro- 
duction in the adopting plants. 

Expectations with respect to operating costs, 
even more than estimates of investment costs, 
depend vitally on the underlying assumptions 
about a plant’s overall technical condition, 
about relative input prices, and about the 
structure of the total production system into 
which the innovation is to be placed. There- 
fore, one finds a wide range of predictions 
about the BOF’s advantage over the tra- 
ditional technology. For shops in the 1.5 
million-ton and above category, total direct 
costs were expected to run from 69 to 96°, of 
those in comparable open-hearth facilities. The 
dependence of these estimates upon assump- 
tions about metallic-input prices becomes 
obvious when one considers that the range of 
expected savings in ‘costs above metallics’ (i.e. 
operating costs other than those of molten 
iron, scrap and alloys) was much narrower, 
running from 54 to 59°, of costs above metal- 


lics in open-hearth shops of equal size. For the 
BOF, ‘costs above’ typically amount to 10 to 
20% of total costs, whereas the comparable 
range for the open hearth is 20 to 40° (such 
comparisons can be found in [4, 6, 24, 27—29)). 

As was pointed out earlier, decisions in the 
United States were concerned almost exclus- 
ively with whether and when the innovation 
should be adopted into an existing, integrated 
iron and steel mill; whether it should totally 
replace older steelmaking facilities or sup- 
plement them; and whether preceding or sub- 
sequent production stages should be adapted 
to the full capabilities of the new process. 
Therefore the technological specificity (for a 
detailed discussion of this concept see [23]) of 
a given mill could be expected to affect adop- 
tion decisions in several ways: 


a. Existing conditions could militate against 
adoption, despite the innovation’s apparent 
advantages in the abstract, or in the setting 
of other plants. 


. Except for possible strategic elements in the 
decision referred to earlier (e.g. the deliber- 
ate construction of a BOF shop out of 
balance with the rest of the plant’s capacity), 
technological specificity dominated all ques- 
tions of size, design, location and layout. Of 
these factors, location proved important in 
many American mills because of their con- 
stricted space: BOF shops could not be 
placed optimally in the flow of production, 
and construction costs were higher than for 
greenfield plants. 


. Existing conditions, and the cost of modify- 
ing them, placed the burden of taking a ‘sys- 
tems view’ on managerial evaluations of the 
new technique’s potential for generating 
plant-wide economic benefits. Obviously, 
such evaluations could be made only by 
reference to one plant, and not in general. 
Thus, for example, the cost savings of the 
BOF would be negated in part if open 
hearth shops had to be kept operating, 
because a mill generated more home scrap 
than the BOF could accommodate. 


In terms of its physical performance, the BOF 
shop can be expected to depend on the follow- 
ing main determinants: 
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(1) The availability of adequate molten-iron 
supplies (i.e. blast furnace capacity) in the 
mill. In a few rare instances, molten iron is 
brought to the BOF shop from off-site blast 
furnaces. Aside from the obvious limits set 
on this practice by the cooling of the metal, 
environmental safety considerations make 
this a less than desirable solution. 


(2) The size and number of converters in the 
shop, where the relevant measure of size is 
converter capacity, in tons per heat. 


(3) The average time of a charge-to-tap cycle, 
which will in turn depend on (a) the per- 
formance of materials-handling and charg- 
ing equipment; (b) the composition of the 
metallic charge (the less scrap, the faster the 
refining cycle); (c) the control of the refining 
process, in terms of the amount of oxygen 
blown, the temperature achieved, and the 
proper addition of slag-forming and alloy- 
ing materials (reblowing a heat because of 
deviations from specification being time- 
consuming); and (d) the speed with which 
the finished raw steel can be poured into 
ladles and removed. 


(4) The average ‘campaign life’ of a converter, 
i.e. the period for which it can be operated 
without major maintenance and relining 
with refractories. 


(5) The size of production runs of steel of a 
certain specification, i.e. the output-mix re- 
quirements of succeeding production stages. 


(6) The skills and experience of supervisors and 
workers in coordinating and executing on a 
sustained basis all the tasks involved in the 
completion of heats. 


The plant-specific nature of many of these 
factors is apparent: the weight given to each of 
them will once again depend not only on rela- 
tive costs, but also on conditions in a particu- 
lar setting. Thus, for example, the existence of 
ample blast-furnace capacity, or of alternative 
steel-making facilities, will reduce the premium 
on tight delivery schedules for input materials. 
Similarly, the greater precision in the timing of 
hot-metal deliveries to a continuous casting 
machine (as against the traditional ingot- 


pouring operations) will reward the achieve- 
ment of exact production schedules. Taken 
together, all the above considerations would 
lead one to expect that the innovation’s actual 
performance will vary considerably from instal- 
lation to installation. 


EMPIRICAL FINDINGS 


For purposes of analyzing the innovation’s 
impact, managements of the five steel mills in 
our sample supplied performance data for 
three periods which, in their judgments, reflec- 
ted: (a) an ‘early’ stage, soon after adoption 
and before the innovation was in any sense 
fully integrated into ongoing operations; (b) a 
‘middle’ stage, which marked the essential com- 
pletion of learning; and (c) a ‘late’ stage, when 
the process had been fully absorbed into the 
production system. Unless cited otherwise, all 
findings below are based on these statistics. 
There is no need to belabor the difficulties 
inherent in working with actual company 
records, based as they are on different internal 
reporting requirements and accounting prac- 
tices. However, all of the results presented here 
are in the form of intra-firm comparisons of the 
new and old technique, thus obviating the 
otherwise unavoidable discrepancies in the 
detailed definition of cost categories and in 
transfer prices. Follow-up interviews with 
executives and operating supervisors provided 
valuable interpretations and explanations of 
the data. 


Comparisons of total cost per unit of output 


In the first instance, the economic advantage 
of a process innovation is generally assumed to 
be reflected, ceteris paribus, in lower total unit 
costs. It could be argued that, since new invest- 
ment in the traditional (open-hearth) tech- 
nology was not a viable alternative in any 
event, the innovation’s total unit cost should be 
compared with the direct cost only of the 
established process. In practice, findings turn 
out not to be sensitive to this distinction, since 
capital charges per ton of output amount to no 
more than three or four per cent of total costs. 

Advance estimates of the innovation’s expli- 
cit cost savings ranged as high as 31°, over the 
open hearth. As Table | shows, none of the 
BOF installations in the sample reached that 
level of performance; and, as will be indicated 





538 Rosegger—Comparing a New Technology with Its Predecessor 


TABLE 1. TOTAL COST PER TON OF BOF RAW STEEL, AS PER- 
CENTAGE OF COST PER TON OF OPEN HEARTH STEEL, IN COM- 
PARABLE PLANTS 





Period after adoption 


Early Middle Late 





82.8 
[86] 

89.8 
[97}' 
114.1 


ch ey 
77.6 
88.9 
95.7 
NA 


80.4 
84.5 
85.8 
95.9 
88.3 





' Figures in brackets are based on estimates from 
accounting data inconsistent with rest of data base: they 
should be regarded as approximations only. 


below, a substantial portion of the savings 
actually achieved must be attributed to the fact 
that other things did not remain equal, i.e. that 
managerial adaptations led, on balance, to 
relatively higher unit costs for the traditional 
technology. 

The results are generally, though not 
overwhelmingly, in favor of the BOF. As for 
the hypothesis that the innovation’s full cost 
advantage may emerge only after a lengthy 
period of learning and after the stabilization of 
operating practices, the evidence is ambiguous, 
precisely because of the managerial discretion 
referred to above: in absolute terms, open- 
hearth costs rose more rapidly than BOF costs, 
during the survey period. 

Executives interviewed tended to regard the 
directly measurable benefits of adoption as 
satisfactory, though hardly sufficient by them- 
selves to justify what was generally regarded as 
a ‘technological revolution’; rather, respon- 
dents adduced a number of broader, qualitative 
and quantitative, explanations for their en- 
thusiasm for the new technology. Such ex post 
judgments should of course be interpreted with 
greater caution than is frequently accorded 
them in empirical studies of innovation: where 
replacement of open-hearth facilities, even if 
only gradual, appeared necessary, respondents 
spoke of adoption as a ‘non-discretionary 
investment’, implying that cost-advantage cri- 
teria as such did not weigh very heavily. But it 
would have been difficult in any event for 
decision-makers to declare an investment of 
this magnitude a mistake, even in the face of 
not very encouraging results. 


Determinants of comparative performance 


Although the point is often ignored, it is 


almost a truism that after a major innovation 
has been inserted into an existing production 
system, its effects will go beyond its immediate 
technical locus, and it will bring about a host 
of adjustments and managerial adaptations. 
Our case studies suggest that, to a considerable 
extent, the BOF’s comparative performance 
was influenced by such adaptations. 

It will be recalled that one of the major dif- 
ferences between the old and the new tech- 
nology is the latter’s relative inflexibility with 
respect to the mix of ferrous inputs. Whereas 
the open hearth would function with charges 
ranging from 100% molten iron to 100% scrap, 
the BOF is limited to a maximum scrap charge 
of 35%. This limitation gave rise to three prac- 
tical concerns: (a) reliance on the BOF as the 
only steelmaking technique appeared to reduce 
management’s flexibility in responding to shifts 
in the relative prices of ferrous inputs; (b) full 
utilization of the BOF shop’s capacity might be 
constrained by the ability of blast furnaces to 
supply adequate amounts of molten iron and 
(c) the nature of a mill’s processes and of its 
output mix might be such that the amount of 
home scrap generated is larger than can be 
worked up by the BOF shop. Such conditions 
prevailed in four of the five plants in our 
sample. 

Though unavoidable to some extent, the 
production of home scrap is not a desirable 
result of steel production, despite the wide- 
spread accounting practice of giving the pro- 
ducing stage ‘credit’ for this output. Indeed, im- 
provements in the yield of a process (i.e. the 
percentage of metallic input converted into 
usable output) are among the main managerial 
criteria in evaluating the attractiveness of pro- 
cess innovations. The economic benefits of in- 
creases in yield far outweigh the fact that home 
scrap is available seemingly ‘free’. Of course, a 
mill will always in the first instance work up its 
home scrap, no matter what the relative mar- 
ket prices of alternative ferrous input materials. 
To what extent the practice of giving ‘scrap 
credit’ leads to sub-optimal behavior on the 
part of individual operating units within a mill 
is a separate issue, is not addressed here. 

In the light of these considerations, one safe 
strategy was for managements to retain at least 
some of the existing open-hearth capacity as a 
cushion, and to phase this out only after the 
rest of the production system had been brought 
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TABLE 2. OPEN: HEARTH VS BOF: OUTPUT SHARES, COMPOSITION OF FERROUS CHARGE, 
AND RELATIVE COST OF ENERGY AND OXYGEN, “LATE PERIOD 





Plant 





Percentage of total raw steel 
output produced by: 

Open hearth 

BOF 


Ferrous charge (°,): 
Open hearth 
molten iron 
scrap 


BOF 
molten iron 
scrap 


Ratio of energy plus oxygen cost 
per ton of raw steel 
Open hearth: BOF 





into balance with the BOF shop’s require- 
ments. This acounts for the co-existence of old 
and new technologies in our sample plants, 
with an important consequence: whatever the 
BOF’s economic advantage, it did not extend 
to all raw steel produced, even during the ‘late’ 
period in the survey; the unit cost for total 
output was a weighted average of the unit costs 
of the two processes. The resulting differences 
in the roles of open hearth and BOF facilities 
in the four mills where the two techniques were 
used simultaneously are apparent from the 
data presented in Table 2. 

Plant-specific operating conditions produced 
widely varying patterns of adaptation. In 
plants A and B the input-balancing function of 
the retained open-hearth shop is evident; both 
these mills suffered from inadequate blast- 
furnance capacity. In plants C and D the 
open-hearth facilities served to round out total 


steel-making capacity, while not being unduly 
‘penalized’ through very high scrap charges. 
Although several categories of operating 
costs are affected by charge composition, 
energy and oxygen costs most clearly reflect 
the differences indicated above. It will be seen 
that the open hearth furnaces in plants A and 
B were burdened in this respect, while the 
effects are much smaller in plants C and D. 
The influence of metallic input costs on total 
unit costs is further substantiated in Table 3. It 
shows the share of these costs. and the relation- 
ship between BOF and open-hearth metallic 
input costs. Although there exists considerable 
variation among plants, metallic inputs 
account for the bulk of all costs, and the BOF 
appears to enjoy no persuasive advantage over 
the older process. Needless to say, these com- 
parative costs are influenced strongly by the 


transfer prices at which molten iron is 


TABLE 3. PERCENTAGE SHARE OF METALLIC INPUT COSTS IN TOTAL UNIT COSTS, 
AND BOF METALLIC COSTS AS PERCENTAGES OF OPEN HEARTH METALLIC COSTS 
(Ranges for survey period) 





Metallic costs as a percentage 


of total cost 


BOF 


Open hearth 


BOF metallic costs as a 
percentage of open hearth 
metallic cost 





86-90 71 


66-69 
80-81 
84-86 
80-89 





78 83-104 
58-60 
69-71 
78-80 102 


89-95 
100-101 


98-115 
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TABLE 4. BOF COSTS AS PERCENTAGES OF OPEN HEARTH COSTS: OXYGEN, OPERATING 
LABOR, REPAIR & MAINTENANCE LABOR, OTHER DIRECT COSTS (Ranges for survey period) 





A 


Plant: 
B c D E 





Oxygen 
Operating labor 
Repair & maintenance labor 


Total labor 
Other direct costs 


119-164 


157-165 
10-12 
37-39 


147-161 
32-41 
80-95 


140-144 
68-83 
93-96 


108-116 
37-41 
16-25 


21-28 
81-85 


62-64 
51-61 


75-84 
60-67 


33-34 
52-57 





delivered, and by the scrap debits and credits 
referred to earlier. Indeed, the ratio of hot- 
metal costs between the BOF and the open 
hearth during the ‘late’, presumably stable, 
period conformed closely in each instance to 
the ratios of hot-metal input utilized, as shown 
in Table 2. In other words, the reduced flexibi- 
lity of the innovation with respect to the com- 
position of metallic inputs is reflected in these 
costs. And although the absolute level of 
transfer prices may vary from mill to mill, these 
intra-firm comparisons remain valid as long as 
open-hearth and BOF facilities were charged 
the same prices; this was the case in all of our 
sample. 

With the relative cost performance of old 
and new technology on the metallic input side 
determined largely by the composition of these 
inputs, the next question concerns the innova- 
tion’s economic advantage with respect to costs 
above metallics. The most important of these 
are shown in Table 4. 

Several observations on these findings are 
appropriate: (a) BOF’s disadvantage with re- 
spect to oxygen costs is not anywhere near as’ 
great as was assumed in many theoretical 
analyses. The reason for this is to be found in 
another managerial adaptation, the oxygen- 
lancing of open-hearth furnaces. This, a typical 
‘defensive’ technological innovation, served 
sharply to increase the output rates of older 
equipment, though of course at the price of 
incurring charges for oxygen in addition to the 
usual fuel costs. (b) Savings in total labor costs 
appear substantial. It should be noted, how- 
ever, that the BOF enjoys the greatest advan- 
tage in plants A and B where, as was pointed 
out earlier, the open-hearth shops operated 
with very high scrap charges. (c) All other di- 
rect costs show great variability among plants, 
but they do give the BOF a more or less pro- 


nounced advantage. Detailed investigation 
showed that the absolute amount of these costs 
depends very much on accounting practices. 
But for the mill as a whole, these practices 
make little difference: items not charged or 
credited to the BOF or open-hearth shops will 
appear elsewhere in the system. Such alloca- 
tions may of course have an influence on 
managerial behavior at each of the cost centers. 


The composition of costs 


In evaluations of the innovation’s economic 
advantage, relative cost savings in specific cate- 
gories give only part of the picture. The ulti- 
mate question concerns the degree of ‘leverage’ 
exerted on total costs by reductions of any one 
cost component, 1.e. the internal composition 
of costs (for a detailed discussion, see [10]). 
Table 5 shows the relevant data. 

‘The outstanding fact, as pointed out earlier, 
is the domination of input materials costs 
(metallics) over all other types of cost. Net 
metallic costs amount to between 60 and 80% 
of all costs in the case of open-hearth shops, 
and to between 69 and 90% of all costs in the 
case of BOF operations. The variability of the 
latter figures might be puzzling, given es- 
pecially the relatively rigid input-mix require- 
ments of the BOF process, unless one con- 
siders: transfer pricing practices with respect to 
charges for molten iron; the pricing of home 
scrap vs the market prices of various types of 
purchased scrap; and the fact that these are 
‘net’ costs, i.e. costs after credit has been given 
for scrap generated and recycled elsewhere in 
the production system. In any event, even our 
relatively small sample of mills suggests how 
misleading ‘industry average costs’ might be 
when used to evaluate the attractiveness, and 
the effects, of innovations for individual 
members of that industry. Whether always de- 
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fensible or not on economic grounds, the inter- 
nal cost accounts (and the concepts underlying 
them) form the only basis for managerial 
assessments of comparative performance. 

The practice of giving a producing unit 
credit for its scrap output perfectly illustrates 
this point. Such credit apparently reduces the 
cost of metallic inputs, and therefore changes 
the composition of costs; yet it must be kept in 
mind that, as a consequence, the output of 
usable steel is reduced. In order to evaluate the 
comparative performance of BOF and open 
hearth with respect to yield, we therefore have 
to turn to physical measures. The BOF proved 
itself superior in every case: its yields ranged 
from 86.3 to 88.3%, whereas open-hearth yields 
were in the 83.3 to 85.8% range. In other 
words, even if it had provided no other bene- 
fits, the innovation certainly was more success- 
ful in converting metallic inputs into steel for 
further processing. 

Compared to the share of metallics, none of 
the other cost components is very large. Thus, 
even substantial success in reducing the unit 
cost of such inputs as fuel and oxygen, operat- 
ing labor, and repair and maintenance, will 
affect the total costs of production only to a 
relatively small degree. This statement applies 
with even greater strength to the category 
‘other costs’: individually, none of these cost 
items (e.g. services, defective work allowances, 
outside repair work, deferred inventory re- 
placements etc.) amounted to more than one 
per cent of total costs per ton of raw steel. 

The picture which emerges from this review 
of cost proportions tends to support two find- 
ings of previous empirical work (see 
6,10, 11]): (a) that even major innovations, 
when placed into an existing operating system, 
frequently do not create enough leverage for 
‘revolutionary’ cost savings, because the bulk 
of all costs tends to be determined by factors 
outside the locus of the innovation proper—no 
matter how spectacular it may be in technical 
terms; and (b) that managements’ predilection 
for minor and incremental improvements in 
performance and costs is not just the result of 
‘thinking small’, but reflects the realities of 
technological _decision-taking in _ large, 
materials-dominated production systems. 


SUMMARY AND CONCLUSIONS 
While a number of lessons specific to the 


problems of the American iron and _ steel 
industry could be drawn from our analysis, the 
findings also illustrate some broader impli- 
cations for innovative activity in mature indus- 
tries: 


(1) The single most important factor in 
determining the attractiveness, ex ante, of a 
major innovation at any one stage of an 
integrated production system is the techno- 
logical specificity of that system, including 
the vintage structure of the existing capital 
stock, established operating procedures and 
materials flows, plant layout, and manage- 
ment control. Therefore, whether a given 
firm or plant is a candidate for the innova- 
tion’s adoption at some given time cannot 
be judged by general criteria, nor by focus- 
ing solely on the characteristics of the inno- 
vation. Instead, such an evaluation must 
include an analysis of system-specific con- 
ditions. 


(2) In any plant which incorporates several 
production stages, the assessment of the 
economic effects of innovations in terms of 
frequently postulated yardsticks (such as di- 
rect unit costs of ‘old’ versus total unit costs 
of ‘new’ techniques) are generally too sim- 
plistic and therefore practically irrelevant 
for purposes of managerial decision. Only if 
the whole range of what might be termed 
‘modification costs’ could be correctly anti- 
cipated, could systems-wide economic con- 
sequences of adoption be fully assessed in 
quantitative terms. But the very nature of a 
major innovation militates against such pre- 
cise, or even probabilistic, quantification: 
newness implies uncertainty, unforeseen dif- 
ficulties as well as unforeseen benefits. 


(3) Once the innovation has been adopted and 
put in place, the rest of the system is 
affected by ripples of change emanating 
from the innovation’s locus. Therefore, even 
in the presence of ‘hard’ data, comparisons 


focusing on _ performance parameters 
‘before’ and ‘after’ adoption at any one 
stage of production are likely to be wide of 
the mark. 


(4) This observation is further buttressed by 
the fact that managers and operators are 
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not automatons who passively accept an 
innovation’s effects on the system. Instead, 
they will make such changes and adapta- 
tions as they conceive necessary (a) to 
achieve satisfactory technical and economic 
performance of the system components in 
their charge and (b) to reflect their ability to 
organize and control a sustainable level of 
output and costs. 


It should be emphasized, finally, that none of 
these conclusions is meant to apply to the 
problems of constructing entirely new produc- 
tion facilities, based on state-of-the art tech- 
nology. There planners and managers confront 
a quite different decision context. 
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Capacity measurement is critical to the evaluation of the effectiveness with which existing output 
capabilities are being utilized, of the potential effects of re-allocating current facilities among the 
mix of products and services which the given system can provide, and of the prospective effects of 
investments in additional major capital goods. This paper illustrates how the multiple dimensions of 
capacity may be encompassed for complex transportation systems, as illustrated by passenger 


airlines. 


INTRODUCTION 


BECAUSE transportation output and capacity 
measures encompass multiple dimensions, such 
constructs must be carefully considered. In the 
airline industry, as well as other modes of 
passenger transportation, the most common 
measure of production is available seat-miles 
(S). Considering a single aircraft operating on a 
given route, this unit of measurement can be 
defined in a relatively unambiguous way as 
the product of three separable factors: 
S = C:R-D; where C represents the aircraft's 
seating capacity; R the route distance in miles 
(usually called stage length); and D the total 
number of departures on that route for the 
time period in question. Essentially, S, avail- 
able seat-miles, is visualized in this approach as 
the product of C-R, i.e. output per flight, and 
the number of flights. 

Alternatively, available seat-miles can be 
defined in the following fashion: S = C:V-H. 
With this approach, H represents total block 
hours,’ a measure of the aircraft’s operational 
time and V, called block speed, represents the 





"On any given flight, block hours are determined as the 
total time elapsed from the moment the aircraft first moves 
away from the loading ramp (on departure) until it finally 
comes to rest after landing (on arrival). 

? See for example [11, 12]. 


average speed of the aircraft over the given 
route, in miles per block hour. From this per- 
spective, S is the result of combining a measure 
of the aircraft’s hourly productivity, C: V, with 
a measure of its total time in use. 

All three output measures just identified, S, 
C:R and C-V, are of analytical interest. An 
aircraft’s operating costs, for instance, depend 
in an approximately linear fashion on both the 
number of departures and total block hours, so 
that unit operating costs assume the following 
functional form:? 


Unit operating cost = t + - - + 4 

CR CV § 
where in the underlying (total) operating cost 
function, a is the coefficient on departures, b 
that on block hours and c represents the fixed 
(i.e. Output invariant) cost component. 

Our purpose in this paper is to explore more 
fully the theoretical and empirical determinants 
of these three: output per flight, C-R; output 
per block hour, C-V; and total output, S. To 
this end, the following will be addressed in 
turn: seat capacity (C), stage length (R), block 
speed (V) and (total or maximum) available 
seat-miles (S or S*). For the first three, our 
treatment represents fairly well-accepted 
approaches (although by incorporating an 
additional factor into the conventional model 
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for block speed, an improvement to the usual 
procedure is introduced). 

On the other hand, our analysis of an air- 
craft’s total output (S) and capacity (S*, Le. 
maximum S) will reveal that prevailing 
approaches are generally inadequate. The heart 
of the matter is the neglect elsewhere of the 
essential determinants of maximum annual 
departures (or equivalently of maximum 
annual block hours) and the resultant implied 
neglect of percentage utilization of this maxi- 
mum as a potential output determining vari- 
able. This oversight is resolved here by intro- 
ducing a model of maximum utilization into 
the analysis, and by allowing for the possibility 
of less than full utilization of this maximum by 
the operator. 


AIRCRAFT SEATING CAPACITY 


In recent years, sixteen basic types of turbo- 
fan aircraft were used by US domestic trunk- 
line operators. Average and maximum reported 
seating capacities for a representative sample of 
these are shown in the first two columns of 
Table 1. Large variation in seating capacity is 
in evidence among aircraft types (which corre- 
spond to the notion of a plant in the manufac- 
turing context), with the largest about four or 
five times that of the smallest. 

In comparing different aircraft, however, 
these numbers are somewhat misleading since 
underlying them is a considerable variation 
among firms in their choice of seating arrange- 
ments, particularly in the proportions of first 
class to coach accommodations. In addition, 
abstracting from interfirm differences, this pro- 
portion tends to vary among aircraft types, 
many of the smaller aircraft, for example, being 
configured for coach only. 

Although the choice of configuration is a 
management decision variable (conceptually 
similar to the product mix decision in manu- 
facturing firms), for purposes of comparing seat 
capacity among aircraft types a more appro- 
priate approach is to establish a common seat- 
ing arrangement for all types. Since the coach 
configuration is overwhelmingly predominant 
(only about 10° of total passenger miles is first 





> For estimates of all 16 types, see [12. p. 151]. 
* See for example [2] and [11]. 


TABLE |. AIRCRAFT SEATING CAPACITIES 





100% coach 
equiva- 
lent*** 


Actual (1972)* 
Average 


Maximum 


Aircraft Maximum density** 





DC9-10 
DC9-30 
727-200 
707-300 
DC8-63 
DC10 
747 


68.0 : 90 

89.4 ; 115 
123.3 31. 189 
140.0 ‘ 189 
203.1 259 
224.6 380 
317.1 500 





* From [15], for US domestic trunklines. 
** From Aviation Week, March 11, 1974, p. 121. 
*** See text and [3, p. 24]. 


class), and all existing aircraft can be readily 
configured this way, the usual procedure is to 
estimate capacities based on 100% coach 
equivalent seating. 

Even with this restriction however, capacity 
will still depend on whether high or low den- 
sity seating is assumed. Maximum densities 
could be used (see the third column in Table 1), 
but usually a more representative choice is 
selected. Douglas and Miller [3, p. 24], for 
example, specified “...as a standard the 
typical dimensions prevailing at this time: a 
width of 18 inches and a pitch fore and aft of 
34 inches”. Capacity estimates corresponding 
to this definition are given in the last column of 
Table | for our selected sample of aircraft.* 


STAGE LENGTH 


On any given flight, stage length measures 
the distance between departure and arrival 
points, i.e. miles per flight. This measure 
requires independent treatment from measures 
of total miles flown in order to maintain hom- 
ogeneity of the seat-mile measure (even with a 
well-defined standard seat). For instance, two 
trips of a given aircraft on a route of given 
distance are both qualitatively and quantitat- 
ively different from one trip by that aircraft on 
a route twice as long. 

Unit revenues and unit costs, for example, 
vary with stage length, both diminishing with 
increasing route distance, ceteris paribus.* The 
unit cost decline is basically caused by the 
existence of certain costs which are fixed on a 
per departure basis. As the trip distance in- 
creases these costs are spread over more miles. 
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Thus, in airline operations, stage length plays a 
role closely analogous to that of the length of 
the production run in a manufacturing plant 
when there is a fixed ‘set-up’ charge. This prob- 
lem can be avoided in a relatively straightfor- 
ward manner by simply treating stage length as 
a parameter of production that must be held 
constant in any comparison. 

Further complexities arise, however, if the 
aircraft in question is to be operated on more 
than one route, the usual case. In that event, 
the relevant stage length measure for that air- 
craft must be construed as an average over all 
routes operated, weighted by relative departure 
frequencies.° In general, a given aircraft’s (aver- 
age) stage length must thus be viewed as the 
result of managerial decisions with respect to 
applicable routes and relative flight frequencies 
on those routes for that aircraft, within the 
context of the firm’s route network and the 
vagaries of demand patterns throughout that 


network, and subject to the technical capabili- — 


ties and limitations of each aircraft type, as 
well as the size and mix of the firm’s fleet. 


BLOCK SPEED 


On any given flight, the distance traveled per 
block hour, block speed (V), can be visualized 
as stage length (R) divided by block time per 
flight (t,): V, = R/t, In turn, block time per 
flight can be considered as the sum of two 
components: t, = t,, +t, The first, t,, rep- 
resents the average time spent in ground oper- 
ations, both before take-off, and after landing. 
The second component, airborne time, encom- 
passes the time elapsed from take-off to touch- 
down. 





* For an aircraft operated over i = | I routes, each 
of stage length R;, and with D, representing the number 
of flights on each route, the total seat-miles produced by 
that aircraft is: }C-R,-D;. Where D=)D,, D,/D 


represents the relative flight frequency on each route. 
Alternatively expressed, total seat-miles produced is thus: 
C:D-¥ R(D,/D), where the summation term represents 


! 
the desired measure of average stage length. 

® Each firm using the aircraft in question was considered 
as one observation, for which airborne time per flight and 
average stage length (departure weighted) was derived from 
[15]. 

’ Generally, either the airborne time estimates (as above) 
are modified by adding in an average ¢,, to t,,, or block 
time is directly estimated as a function of stage length, with 
the intercept acting as an estimate of t,, plus t,,. For recent 
examples, see [3, 6, 8, 10, 13, 16]. 
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Airborne time can be quite closely approxi- 
mated as a linear function of stage length, and 
the inverse of the resulting stage length coeffi- 
cient can be viewed as an average cruise vel- 
ocity V* between the departure point and the 
destination: t, = t,, + R/V*. The intercept, t,,, 
represents the time ‘lost’ in take-off, climb, and 
landing activities. 

The results of applying this procedure to all 
aircraft used in US domestic operations are 
summarized in Table 2 (for 1972)°. Only six 
consolidated groupings are necessary, as within 
the groups chosen, estimates for individual 
types proved essentially identical. The usual 
linearity assumption is obviously well-justified, 
given the high coefficients of determination 
observed (note that these are cross-sectional 
regressions). 

The other component of block time, f,,, is 
usually considered as constant and treated as 
part of the intercept term in a block time-stage 
length estimate, a procedure which is reason- 
ably adequate for estimating block time as long 
as the stage length variation is not large.’ On 
closer inspection, however, a stage length effect 
on f,, is in evidence, so that its treatment as 
constant tends to cause a downward bias in the 
block time estimate as stage length increases. 
This in turn causes an overstatement of the 
improvement in block speed with increases in 
stage length. 

Linear regressions for each aircraft type of 
t,, On stage length (for 1972 data from [15]) 
proved quite erratic but similar—the intercept 
ranged from about 0.1 to about 0.3 hours, 
while the coefficient on stage length varied 
from slightly positive to about 0.2 hours per 
1000 miles. Since there is no obvious pattern 
from one type to the next, and in order to de- 
rive a generally applicable estimate of the stage 
length influence on f,, an averaging procedure 
among types was devised. A single sample was 
developed of the average t, and stage length 
among all operators for each of the different 
aircraft types used US domestic operations. 

For this sixteen aircraft sample the following 
regression (for 1972) was obtained: 

th, = 0.156 + 


0.112(R/1000) R? = 0.604 


(t= 13.8) (t = 4.90) 


This estimate can be taken as indicative of the 
‘normal’ increase in ground time that occurs 
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TABLE 2. AIRBORNE TIME PARAMETERS US Domestic Trunklines (1972). 





Number of ta, Standard error ye 


Standard error 
observations R? (hr) on ft, (mph) 


Aircraft on V* 





737 0.978 
all DC9s 
all 727s 
720B 
707-120B 
707-300B,C 
all DC8&s 
DC10 
LIO11 
747 


0.169 0.004 487 


0.988 
0.975 


0.229 
0.238 


0.005 
0.021 


530 
532 


0.997 0.259 0.011 535 


0.991 0.294 0.016 558 


0.998 0.343 0.017 SO] 





(on average) as stage length increases, probably 
a result of the tendency for longer flights to 
involve proportionately more routes to and 
from major ‘hub’ airports, where increased 
congestion and the ensuing delays are more 
likely. 

The last estimate for t,, can now be com- 
bined with the airborne time parameters of 
Table 2 to derive each aircraft's estimated 
block speed as a (unique) function of stage 
length; i.e.: V = R/t,, where t, = t,, + t, The 
results of these estimates are shown in Fig. 1, 
summarized as three curves (the practical dif- 
ferences within these groupings are negligible). 
Although block speed tends to improve slightly 
with increasing aircraft size, generally there is 
very little difference among these aircraft, ex- 
cepting perhaps the relatively small twin engine 
turbofans above about 1000 miles (a range 
beyond which they are seldom used). This 
means that practically all of the differences 
between aircraft types in the seat-miles per 
block hour measure can be attributed to differ- 
ences in seating capacity. The other important 
thing to notice here is the very rapid initial 
increase in block speed and thus seat-miles per 
block hour as stage length increases. Beyond 
about 1000-1500 miles, however, further in- 
creases in block speed are very modest, 
although persistent. 


PREVAILING TECHNIQUES FOR 
TOTAL SEAT-MILES 


As mentioned above, total seat-miles can be 
viewed as the product of seat-miles per flight 





® Recent examples of which would include Douglas and 
Miller’s [3] choice of 3000hr per year; Stratford’s [13] 
10 hr per day (i.e. 3650 hr per year); Miller and Sawer’s [9] 
2000 hr per year; and Straszheim’s [14] 9 or 10 hr a day. 


and the number of flights: S =(C-R)-D. 
Alternatively, it can be expressed as the 
product of seat-miles per block hour and total 
block hours: S = (C-V)-H. Holding the stage 
length parameter constant, both C-R and C-V 
are constant, and thus total output will be pro- 
portional to D or H, until some limit is reached 
when departures or block hours attain a maxi- 
mum. This limit could be established as a ‘tech- 
nical’ maximum, based solely on the aircraft’s 
flight speed and turnaround/servicing require- 
ments, an approach which will be pursued here 
subsequently. 

in the usual approach, however, total seat- 
miles are determined by specifying total block 
hours as constant, with the stage length effect 
being manifested only through its influence on 
block speed (e.g. as in Fig. 1).8 With this pro- 
cedure, total output at a given stage length is 
considered constant, and the relationship 
between output and stage length exactly fol- 
lows that between block speed and _ stage 
length, i.e. the values of Fig. 1 are simply multi- 
plied by a constant (C-H) to determine total 


DCIO ,747 


Block speed (miles per block hour) 





1 1 


3000 4000 





Stoge 


. 1. The effect of stage length on block speed. US 
Domestic Trunklines (1972). 


length (Miles) 
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seat-miles. Most of the time, it is not clear if 
the results are intended to portray a represen- 
tative average or some ‘practical’ maximum, 
but in either case, as will be demonstrated, this 
procedure is inadequate. 

For one thing, treating total block hours as 
constant neglects the essential role of block 
hours (or equivalently, departures) in determin- 
ing costs. In other words, given stage length, an 
aircraft’s total unit direct operating cost func- 
tions are collapsed to a single point. As a prac- 
tical matter, this denial of the cost ‘function’ 
seems particularly unsuitable in view of the 
large differences among firms in attained air- 
craft utilization rates. Many carriers, for 
example, are observed to have utilization rates 
only about half that of other firms using the 
same equipment at comparable average stage 
lengths.’ It is thus imperative to treat utiliza- 
tion, whether in terms of departures or block 
hours, as the fundamental output determining 
decision variable (i.e. even at a fixed stage 
length), so that, for instance, the entire cost 
function of an aircraft can be constructed. 

The other problem concerns the use of a 
constant total block hour level when stage 
length is varied. Other things equal, since flight 
time increases with stage length, the total 
number of departures possible within a given 
period of time will decrease with stage length, 
as will the required number of ‘turnarounds’. 
Thus, the proportion of the available time that 
can be spent in ‘productive’ activities, i.e. as 
block hours, should increase with stage length, 
as less of the total time has to be spent on the 
ground between flights. 





° The most important presumption (usually implicit) in 
thus neglecting utilization as a variable is that each firm 
can and will adjust its stock of aircraft as quickly as necess- 
ary to maintain desired (i.e. ‘practical maximum’) utiliza- 
tion. In one study (Eads et al. [4]), in fact, it was explicitly 


asserted that this adjustment would take place within each | 


quarter. 

'© Keeler [7], for example, used 3294 block hours per 
year for the DC9-30 for stage lengths up to 350 miles, 3426 
hours for the 727-200 between 350 and 900 miles, and 4136 
hours for the DC8-61 on flights over 900 miles, and limited 
his use of these figures to those ranges. In two of Strat- 
ford’s [13] estimates, the utilization figures were applied 
only at specific stage lengths: 3250 hours for the DC8-61 at 
4500 miles, and 3500 hours for the 747 at 5200 miles. 

'! This solution depends on a complicated interaction 
between the number and type of aircraft in the firm’s fleet, 
the firm’s particular routes, its route network, demand, 
competitive patterns, and so on. A thorough description of 
the scheduling process is given by Baitsell [1] in his 
Chapter V. 
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Occasionally, this effect is at least implictly 
recognized by limiting the scope of the analysis 
to specific stage lengths.'° More typically, 
however, a fixed block hour figure is used for 
all aircraft types over all stage lengths. Al- 
though for some purposes this is probably an 
acceptable approximation within a limited 
range of stage lengths, the approach is in gen- 
eral unsatisfactory since it does not capture 
(indeed, even allow for) the actual variations in 
total output observed among operators, nor 
does it reflect attained maximum total output 
levels in any representative fashion (as will be 
demonstrated below). 


MAXIMUM UTILIZATION 


The alternative approach introduced here 
explicitly recognizes the most important deter- 
minants of maximum utilization in a schedul- 
ing model of a ‘typical’ airline firm’s oper- 
ations. Based as it is on-a limited number of 
parameters, obviously such an approach is far 
too simplistic to reflect all of the complexities 
of actual airline operations, in which maximum 
utilization somehow results from the firm’s 
chosen ‘optimal’ solution to its overall fleet 
scheduling problem.'' Nonetheless, to the 
extent it captures the essential relationships, 
some kind of model of this sort must be used 
so that maximum utilization can be considered 
in a systematic way, both with respect to uni- 
form treatment among aircraft types, and with 
regard to ceteris paribus stage length influences. 

The model itself is based on Stratford’s [13, 
p. 87] suggestion that the major factors 
determining maximum utilization of an aircraft 
are: h, the ‘available’ hours per day during 
which the airport facilities can be used; ¢,, 


| block time per flight; t,, the average time spent 


on the ground between departures (i.e. the 
‘turnaround’ duration); and d,, — 1, the num- 
ber of turnarounds. Combining these determin- 
ants, the following expression for maximum 
daily departures d,, can be devised: 
h+t, 
ers 
Having already determined the block time 
relationship, implementation of this model 
requires only that h and t, be estimated. 
Since established, generally applicable, 
values for h and ¢, are unavailable, the 
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approach taken here was to derive representa- 
tive estimates based on attained results in 
actual operations over a year’s period (from 
[15] for 1972), using those observations that 
appear to represent ‘practical’ maxima.'? Pre- 
liminary estimates showed that although the 
model worked reasonably well if both h and t, 
were treated as constant, modification was 
required to allow for a stage length influence 
on turnaround time. This seems appropriate, if 
only to allow for additional time to refuel and 
service the aircraft for a longer flight.’ A 
linear approximation was therefore incorpor- 
ated: tj = t,, + t'R, for which an estimated 
value for t of | hour per 1000 miles was even- 
tually established. '* 

The final estimate for the other two par- 
ameters was based on a combined (seventy 
observation) sample (from [15]) over all firms 
and aircraft types for (1972) US domestic oper- 
ations, from which eleven observations for 
maximum utilization were selected. Although 





'2 Our intent here was to follow Gold’s [5, p. 102] 
advice that desirable capacity measures should reflect 
“... practically sustainable capacity at present rather 
than...the utmost theoretically. attainable...under the 
assumption that the... normally acceptable length of work 
day and work week are retained; and that appropriate 
allowances are made for breakdowns, repairs, and main- 
tenance...” 

'3 Long flights additionally would require more main- 
tenance per departure, since maintenance requirements in- 
crease directly with block hours. If just some of this has to 
be performed during the ‘operational’ day, this too could 
cause an increase in the time required between flights (on 
average) as stage length is increased. 

'* Only in two cases was it possible to apply the model 
to a specific aircraft type. For each of these (five observa- 
tion) samples, simultaneous estimates for the three par- 
ameters attained high significance (R? = 0.98, 0.99), and 
although the estimates for h and t,, differed somewhat, the 
estimated values for t were very close: 0.933 and 1.057 
hours per 1000 miles. Based on these results, and in view of 
the very limited degrees of freedom, t was set at 1.0, the 
average of the two independent estimates. See also Nicol 
[12, pp. 165-169]. 

'* Corroborating evidence on the validity of the t, esti- 
mate is provided by Pacific Southwest Airlines’ experience 
on the 338 mile Los Angeles-San Francisco route, for 
which 35min turnarounds had been planned for their 
L10I1s. After gaining some operating experience, PSA 
decided that “...45 minutes would be perfect” (Aviation 
Week, Nov. 18, 1974, p. 25). For 338 miles the estimate 
here is 0.293 + 0.338 = 0.63 hours, or about 38 min. Simi- 
larly, a Pan American official stated that they experienced 
“.., turnaround times seldom less than 1 to 2 hours” in 
their 747 operations during 1972 (Aviation Week, Oct. 23, 
1972, p. 62). The lowest average stage length for the 747 
among Pan Am’s four operating divisions in 1972 was 1471 


miles, for which the turnaround estimate here would be 
1.76 hours 
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small, the selected sample is reasonably repre- 
sentative across the aircraft size spectrum: two 
observations on DC9s, two 727s, two 707s, two 
DC8s, one DC10 and two 747s. Rearranged to 


be linear in the desired parameters, the model 
and its resultant estimate are: 


[t, — (R/1000)(1/d,, — 1)] = —t,, + (h + t,,)(1/dm) 


~0.293 + 16.61 (1/dy,) 


(t= 9.77) (t = 74) 
R? = 0,998 


The estimated coefficients are thus h = 16.32 
hours and t,, = 0.293 hours, with t = 1.0 hours 
per 1000 miles.'* 

Upon substitution for these parameters (and 
t,,), the following model obtains for maximum 
daily departures in (1972) US domestic oper- 
ations (i.e. on average over the year): 


16.61 + 0.001-R 
"0.449 + 0.01112°R + t, 





where t, is linearly dependent on stage length 
according to aircraft type (see Table 2). This 
estimate is illustrated in Fig. 2 for the 747, 
superimposed on the actual results (by firm) for 
that aircraft and the DC10/L1011 (for which 
the estimate would be practically the same). 


The close fit of the estimate to the observed 


maxima seems especially notable in light of the 
model’s relative ‘Simplicity. 

Similar figures could be presented for each 
aircraft type, but this would be redundant. An 
additional and important observation in all of 
these however, exemplified in Fig. 2, is the 


747 re) 
ee nie i Oo 


Average daily departures 


Estimated 
maximum (See text) 








L 1 i F | 
1000 2000 3000 4000 


Stage length (Miles) 


Fic. 2. The effect of stage length on (average) maximum 
daily departures. US Domestic Trunklines (1972), 747 and 
DC10/L1011. 
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747 ,DCIO/LIOII 


707/DC8,727 


(Maximum for a 
constant 3000 
biock hours 
per year) 


Maximum miles per day 








a 1 1 = Es 
1000 2000 3000 4000 


Stage length (Miles) 


Fic. 3. The effect of stage length on maximum miles flown 
per (average) day. US Domestic Trunklines (1972). 


extent of variation among firms in attained 
levels of utilization. This observation reinforces 
the emphasis given herein for the need to con- 
sider utilization as a variable, whose chosen 
level is a fundamental determinant of an air- 
craft’s output. 


TOTAL SEAT-MILES 


By multiplying estimated maximum daily 
departures by stage length, maximum total 
miles per day can be estimated.'® Multiplying 
in turn this result by the aircraft’s seating ca- 
pacity, maximum total seat-miles can be esti- 
mated. Abstracting for now from the impact of 
seat capacity, per se, Fig. 3 shows the effect on 
maximum miles per (average) day of aircraft 
type and stage length. The latter’s influence 
can be seen to outweigh the former’s rather 
dramatically. 

As with block speed, a very rapid rise in this 
measure with increasing stage length is evident 
up to about 1500 miles. Unlike block speed, 
however, further increases in stage length con- 
tinue to cause important and relatively steady 
increases in maximum miles per day. For com- 
parison in the light of our earlier discussions 
concerning the inappropriateness of the con- 
stant block hour assumption, the equivalent 
estimate for a constant 3000 block hours per 
year is also shown. As mentioned above, this 
approach should and in fact does consistently 
understate the sensitivity of maximum output 





'© The results can be readily converted to an annual 
basis by multiplying by 365. 
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to increases in stage 
beyond about 1500 miles. 

When used in conjunction with the seating 
Capacity estimates of Table 1, the format 
shown in the next figure, Fig. 4, can be used to 
summarize the underlying behavior of total 
seat-miles. Simply illustrated in Fig. 4 is that, 
with stage length fixed, total miles per day (and 
thus total seat-miles per day for any particular 
aircraft) is directly proportional to the number 
of departures until the appropriate maximum 
is reached. Also clearly shown is the effect of 
increasing stage length in reducing maximum 
flight frequencies while increasing maximum 
total output. Interestingly, as it turns out, the 
effect of aircraft type on maximum total miles 
flown is not of major significance. 


length, particularly 


SUMMARY OF FINDINGS 


The basic construct developed here to de- 
scribe an aircraft’s total output, ie. annual 
seat-miles (S), can be represented as: S = 
U-S*; where U is defined as the percent utili- 
zation of the aircraft's (maximum practical) ca- 
pacity to produce seat-miles, $*, which in gen- 
eral depends on the aircraft type and the aver- 
age trip distance on which it is operated. This 
construct clearly shows the theoretical impor- 
tance of potential variations in utilization for 
determining total output. It should be equally 
clear that empirical relevance also requires that 
utilization be considered as a variable in its 
own right, in order to describe (and allow for) 
observed variations in output levels among 
operators (cf. Fig. 2). Thus, despite its frequent 
treatment as constant, our framework explicitly 
incorporates utilization as a fundamental 
determinant of total output. 

A further benefit of considering utilization in 
this manner is that it facilitates separate analy- 
sis of the influence of aircraft type and stage 
length on output, since attention can be 
focused on S*, the aircraft’s basic capacity to 
produce seat-miles. This capacity can be 
expressed as: S* = C:M*, where M* rep- 
resents maximum (practical) annual miles 
flown, and C the aircraft’s seating capacity. As 
shown in Fig. 3, the influence of aircraft type 
on M* is of much less overall significance than 
that of the stage length parameter. The differ- 
ence solely due to type, particularly beyond 
about 500 mile stage lengths, is generally only 
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Fic. 4. The effect of daily departures and stage length on total miles flown per day. US Domestic 
Trunklines (1972). 


about 2-3%. Increasing the stage length par- 
ameter from 250 to 500 miles, on the other 
hand, causes M* to rise by almost 38%. Even 
at 1000 miles and above, each doubling of 
stage length still causes M* to increase by 
about 18%. 

Also of analytical relevance are the two pro- 
ductivity measures underlying total output and 
maximum capacity: output per flight C-R and 
output per block hour C:V. The first for a 
given aircraft is of course directly proportional 
to the stage length parameter R. The second 
measure also increases with stage length, 
because of its effect on block speed V. Essen- 
tially exhibiting the same initial behavior as 
M*, the stage length effect on block speed 
quickly diminishes in importance once beyond 
modest stage lengths, although even at 2000 
miles, a doubling of stage length still causes 
about a 6% increase in block speed. As with 
M*, the variation in block speed with aircraft 
type is not of major significance. 

In summary then, beyond the obvious and 
direct importance of aircraft seating capacity, 
the influence of aircraft type on measures of 
output per flight, hourly productivity, maxi- 
mum capacity, or total output is not of great 
practical significance. All four measures, on the 
other hand, depend in crucial and significant 
ways on the stage length parameter. 
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After analyzing the pre-decision considerations which led to the construction of the first float glass 
plant in the United States, attention is given to the detailed actual results at successive stages of 
operation relative to the original expectations. The following section then compares the expected and 
actual results of three successive plate glass plants, including the predecessor as well as the successor 
of the first plant utilizing the float process. Suggestions are then offered for improving the coverage 
and substantive content of capital decision models relating to major new facilities. 


OBJECTIVES AND BASIC 
APPROACH 


ALTHOUGH MAJOR capital projects require 
enormous investments, surprisingly little has 
been published about the complex decision- 
making processess actually involved in making 
such commitments. Improved understanding is 
of critical importance because it is through 
these decisions that: new productive capacity is 
added; existing productive capacity is reno- 
vated; major technological innovations are dif- 
fused; and larger scale facilities are con- 
structed. 

An earlier review of the literature concluded 
that most published studies are much too 
generalized in respect to the variables covered, 
too aggregative in their levels of analysis, and 
too narrow in respect to the array of manager- 
ial objectives and pressures encompassed’. 
Accordingly, this paper summarizes the results 
of a comprehensive analysis of three successive 
major capital projects involving the production 
of flat glass by means of a new technology. 





' Based on an unpublished doctoral dissertation with the 
same title approved by the Economics Department of Case 
Western Reserve University in August, 1977. 

? For a detailed discussion, see Skeddle [14]. 

3 For a fuller discussion of this approach, see Gold [1] 
and more recently [18, chapters 4 & 5]. 


These empirical findings are then used as 
bases for constructing both a revised model 
of capital decision processes and also a system- 
atic framework for analyzing the loci and 
causes of deviations between 
expected results. 

The basic approach used in this study is pat- 
terned on Gold’s “managerial control ratios”, 
which attributes changes in the rate of profits 
on total investment to five interacting factors: 
changes in the proportion of total investment 
allocated to fixed assets; changes in productive 
capacity relative to fixed investment; changes 
in the utilization of productive capacity; 
changes in average total unit cost; and changes 
in the average price of products. Each of these 
must obviously be considered in evaluating the 
financial attractiveness of a proposed major 
capital allocation®. More particularly, it is 
necessary to make such evaluations at various 
levels of aggregation and also at successive 
periods. A prospective project should be evalu- 
ated not only in terms of its own direct effects, 
but also in terms of its effects on the entire 
firm, including possible shifts in the resulting 
utilization of other facilities [8, ch. 13]. More- 
over, effective controls throughout the success- 
ive stages of planning, construction and utiliz- 
ation involved in implementing plant invest- 
decisions also require detailed monitoring of 


actual and 
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outlays and physical outcomes for each com- 
ponent of the undertaking. Finally, because 
adaptations to changing market pressures, 
technological developments and operating ex- 
periences may lead to significant shifts from 
original product, process and cost objectives, 
both physical and financial performance must 
be compared with the successively revised 
plans rather than with the original alone. 

Application of such an approach may also 
contribute to the improvement of future capital 
decisions by helping to identify those com- 
ponents of pre-decision estimates which proved 
reasonably accurate, those which proved least 
reliable, and also the stages of the implemen- 
tation process which involved the greatest devi- 
ations from expectations. 

The primary focus of this paper is the first 
plant built in the United States to utilize the 
revolutionary ‘float process’ in making flat 
glass. It was constructed by PPG Industries in 
Cumberland, Maryland, USA. First, a sum- 
mary is presented of the key expectations 
regarding this factory, including important 
quantitative as well as qualitative input expec- 
tations which were developed during the Pre- 
conditions and Stage I (up to Board Approval) 
decision stages. Next, adjustments made during 
the facility’s construction are studied (Stage II) 
which led both to revisions in expectations and 
to changes in internal and external perform- 
ance. Finally, as Stage III of the overall deci- 
sion process, actual results of the operating fa- 
cility covering a span of more than ten years 
will be presented with analyses of the loci, 
magnitudes, and causes of the deviations from 
hoped-for results. Attention will then turn to a 
comparative analysis of expectations and 
results relating to the next two projects as well. 


PRE-DECISION 
CONSIDERATIONS—FIRST 
FLOAT PLANT 


Market factors 

The total domestic demand for high quality 
flat glass (‘plate’) was expected to grow at 6% 
annually, while lower quality flat glass (‘sheet’ 
or ‘window glass’) was expected to grow at 4% 
annually. But PPG’s share in the market for 
plate had declined during the 1960s relative to 
previous levels. The primary reason was that 
its average unit costs were higher as a result of 


Skeddle—Actual Results of a Major Technological Innovation 


deferring the modernization of older facilities 
while awaiting the completion of internal tech- 
nological undertakings. The failure of such 
projects constituted one source of pressure on 
PPG executives to quickly adopt externally de- 
veloped technological advances which seemed 
promising. Market position had also declined 
because the inadequacy of PPG’s capacity to 
meeting growing demands during the late 
1950s stimulated auto manufacturers, es- 
pecially Ford, to meet their needs through 
backward integration. In addition, PPG 
lacked sufficient capacity to meet the high 
quality demands of the mirror trade which its 
competitor, Libby-Owens-Ford (LOF), was 
supplying through the adoption of technologi- 
cal innovations such as twin-grinding and 
polishing. 

It was under these conditions that PPG’s 
senior management made the judgment that 
prompt adoption of the float glass technology 
developed by Pilkington of Great Britain 
would enable PPG to at least maintain its cur- 
rent market share, and perhaps even to in- 
crease it, if other US competitors did not 
quickly follow suit. Because of the expected 
continued growth of demand, it was also 
apparent that even maintenance of its market 
share would require PPG to add capacity. 
Hence, extensive studies were initiated to pro- 
vide the basis for decisions concerning con- 
struction of a major new plant utilizing major 
technological innovations. 

Another element of market expectation was 
that plate and heavy sheet glass for automotive 
and mirror markets would account for an 
increasing share of demand and that the 
quality requirements of such products would 
become increasingly stringent. This meant that 
taking full advantage of the economies offered 
by the float process would require upgrading 
the quality of its products. PPG officials esti- 
mated that quality levels competitive with 
LOF could be achieved within 2 or 3 years— 
thus further reinforcing the case for adoption 
of the float process. In short, by passing on to 
customers about one-third of the estimated 
30-40°,, cost savings from the new process, 
PPG was expected to increase market share in 
the plate glass market. And by providing im- 
proved quality at current market prices, 
expanded sales in heavy sheet glass markets 
were expected along with the improved profit 
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margins promised by lower unit manufacturing 
costs. 


Technological factors 


PPG had spent more than $20 million in 
seeking to develop its own twin-chemical- 
polishing (TCP) process. But it had been 
unable to produce consistently good quality 
; inch plate glass and it was estimated that 
even if such market requirements could even- 
tually be met, costs would still exceed those of 
the float process. Moreover, it was expected 
that market pressures would increasingly favor 
% inch glass and the prospects of overcoming 
the technical problems involved in meeting this 
requirement were better for the float than the 
TCP technology. 

Accordingly, PPG’s proposed adoption of 
the float process implied that all preceding flat 
glass technologies were being superseded, that 
its internal TCP development program would 
be abandoned, and that internal development 
programs would concentrate instead on im- 
proving the quality of float glass products and 
on reaching beyond its reported ‘equilibrium’ 
4 inch thickness to the § inch product awaited 
by the automotive market. 


Economic factors 


Estimates of investment requirements and 
operating costs were made repeatedly during 
successive stages of the decision process. These 
covered an increasingly wide range during the 
period preceding Board Approval of the new 
plant as consideration was given to alternative 
locations, scales, technological parameters and 
product-mixes. But both cost and investment 
estimates continued to fluctuate widely 
through Stage II, the period up to completion 
of the facility and the beginning of debugging. 
Expected total unit manufacturing cost advan- 
tages relative to PPG's existing operations and 
those of competitors varied similarly. 

The actual decision specified an annual ca- 
pacity of 100 million square feet of § inch 
products, fixed investment of $56 million and 
total investment of nearly $72 million. Average 
total unit cost was estimated at $0.36 per 
square foot compared with $0.76 per square 





* The determinants of profitability in Table 1 are based 
on Gold's “managerial control ratios”, which were men- 
tioned earlier. 


foot for PPG’s most modern twin-ground 
plate. Because of the expected superior quality 
of its product, the new facility was expected to 
operate at full capacity over its projected 15 
year life, resulting in a 4.2 year payback period, 
a 24°, return on investment (ROI) during its 
first 5 years of operation, and a 30°, pre-tax 
return on total investment over its projected 
life. 


ACTUAL RESULTS RELATIVE 
TO EXPECTATIONS—FIRST 
FLOAT PLANT 


Table 1 shows that the average pre-tax 
return on investment during the first five years 
approximated original expectations in spite of 
some difficult and costly start-up problems. 
But that average declined from 25 to 18°, dur- 
ing the second five-year period and the follow- 
ing two years, 1974 and 1975, resulted in losses 
of 8 and 17%, respectively, on investment. 
Thus, the actual rate of return during 
1964-1975 of 14.5°4 was less than one-half of 
the original estimate based on a 15 year work- 
ing life’. 


This dramatically lower ROI was primarily 
the result of two factors. First, new and thicker 
products requiring more fabrication and higher 
quality, and hence involving higher unit costs, 
accounted for a greater proportion of output 


but average revenues per unit of output 
remained relatively fixed after start-up. This 
was due to increased domestic competitive 
pressures. PPG’s executives had estimated ori- 
ginally that the technological leadership pro- 
vided by its pioneering adoption of the float 
process would last for at least seven years, on 
the assumption that LOF and the Ford Motor 
Co. would defer adoption pending determi- 
nation of the success of PPG’s action. But both 
competitors announced decisions to adopt the 
float process in 1964, when PPG’s first float 
unit was still being debugged. Although PPG 
at that time was still delaying a decision about 
building a second float unit while awaiting the 
solution of technical problems, such action by 
competitors triggered the acceleration of efforts 
to expand PPG's total float capacity. As a 
result of such additional construction, the first 
plant’s proportion of PPG’s total float capacity 
declined from 100°, in 1965 to only 25°, in 
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1968, and continued to decline thereafter. At- 
tendant shifts of production and of product- 
mix between the Cumberland plant and the 
more technologically advanced later plants 
served to undermine Cumberland’s utilization 
rates and cost performance. 

Second, average unit costs exceeded the ori- 
ginal estimates in every year, and they 
increased even further beyond original esti- 
mates as output was progressively adjusted to 
changes in the level and composition of market 
demand as well as to shifts in product-mix allo- 
cations by management between other plants 
and Cumberland. Although capacity and 
physical output had equalled the original 1962 
expectations by 1966, they had declined by 12 
and 31%, respectively, by 1968. But unit cost 
deviations can be further traced to changes in 
the unit input requirements and prices of the 
input factors. For example, wage rates rose 
steadily to exceed 1962 expectations by 26% in 
1968, while man-hours per unit of output were 
13.5% above expectations, driving unit wage 
costs 45% above the original estimate. Unit 
material costs deviated even further, exceeding 
original expectations by 87% in 1968, as the 
result of an increase of 14.6% in the average 
price of purchased materials and supplies and 
of 63% in the weighted quantity of materials 
required per unit of output. Total fixed costs in 
1968 were nearly 14% below the 1962 expec- 
tations, despite the fact that such expectations 
were exceeded in some stages, especially those 
involving the new technologies. But fixed costs 
per unit of output in 1968 were nevertheless 
25%, above the expected level because of the 
31% lower output level. 


COMPARATIVE ANALYSIS OF 
THREE SUCCESSIVE MAJOR 
CAPITAL PROJECTS 


Attention turns now to a comparative analy- 
sis of the results of three successive major capi- 
tal projects: the Cumberland plate plant; the 
pioneering Cumberland float plant and PPG's 
second float plant, which was built in Crystal 
City, Missouri. Our objectives are both to 
identify any common elements in such experi- 
ence and to consider their implications for 
strengthening managerial processes for making 
decisions about such major capital projects. 


The first major finding is that no efforts were 
made in respect to any of the projects to esti- 
mate probable changes over their working lives 
in regard to capacity utilization levels, product- 
mix, revenues, costs or investment require- 
ments. This may have been due in part to the 
very limited efforts in the past to develop such 
experiential information. More important, 
however, was the judgment of senior manage- 
ment that such predictions were subject to such 
large potential errors that simpler approaches 
would be more appropriate. Accordingly, the 
relationships among revenues, costs and output 
were assumed to remain fixed over the facility's 
useful life; outputs were assumed to remain at 
full capacity levels; product-mix was assumed 
to be fixed beyond the start-up and full- 
functioning of the new facility; and fixed as 
well as total investment were expected to 
remain unchanged in regard to levels as well as 
their relationships to one another. 

A comparative analysis of actual results 
regarding the key determinants of profitability 
for each of the three successive major capital 
projects is summarized in Table 2, and the per- 
centage differences between actual results and 
finally approved expectations are summarized 
in Table 3. Together, they demonstrate the 
dangerous vulnerability of the seemingly more 
prudent static assumptions. 


Revenues, output levels and product-mix 


in regard to the determinants of total rev- 
enues, actual results for each project show that 
average revenue per unit of output did not 
remain fixed, nor did it maintain a fixed re- 
lationship to average total unit costs, as had 
been assumed. Instead, for products of the 
Cumberland plate factory, average unit rev- 
enues decreased over its first 7 years, as shown, 
indicating increased competitive pressures fol- 
lowing its start-up. Following start-up of 
PPG’s first float factory and subsequent new 
PPG and competitors’ float factories, plate 
glass prices decreased even more rapidly. Plate 
prices in 1973, when Cumberland plate was 
shut down, were nearly 25°,, below initial 
start-up levels 16 years earlier, contrary to the 
finalized expectations of 1953, based on then- 
current cost pressures from spiraling materials 
prices and increasing wage rates. But such 
price declines came to be expected 7 years later 
when the costs of the new float processes were 
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estimated at from 40-60% below comparable 
plate costs. These findings support the theory 
[6] that major innovations aimed at reducing 
total unit costs by substantial margins, if effec- 
tive, can be expected to lead to product price 
decreases as their increased diffusion occurs, 
and as competitors seek to sell the output of all 
their facilities. 

In addition to the need for more effective 
estimation of individual product prices, capital 
budgeting efforts also need to consider possible 
changes in the product-mix of new plants. 
This may result because of its changing relative 
efficiency in producing various products in 
comparison not only with the firm’s older 
plants but also with newer plants which may 
come on stream during the working life of the 
currently new plant. Such adjustments in 
product-mix can substantially alter input and 
productivity as well as unit cost and profit- 
ability levels for the individual plant [11]. 

Turning to output levels, the other determin- 
ant of revenues, all three factories had far lower 
early outputs than expected because of severe 
start-up problems. Although output levels im- 
proved dramatically following debugging, 
which incidentally took more than 2 years, or 
nearly twice the expected time, only one of the 
factories ever achieved original output expec- 
tations. The other two fell considerably below 
expectations, averaging about 20% deviation 
from initial estimates, primarily because actual 
operational effectiveness fell below targets and 
also because their utilization rates were below 
the projected 100°,—thus suggesting two ad- 
ditional foci for inclusion in capital project 
planning. It should also be noted that utiliz- 
ation rates were kept at fairly high levels at 
these new factories only because of the exist- 
ence of older, less efficient PPG plants, from 
which work could be reallocated to the newer 
facilities. This emphasizes the need to consider 
the economic effects of adding new facilities on 
overall Company performance, such as the 
negative effects from the under-utilization of 
existing facilities in order to utilize the newest 
facilities more fully. 

Moreover, once debugged, none of the fac- 
tories studied showed the kind of increasing 
output suggested by theoretical expectations of 
continued ‘learning’ and technological im- 
provements. This is not to say that many useful 
improvements were not made. Rather, these 
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served only to help maintain output levels as 
market changes called for increasingly higher 
quality standards and as product-mixes shifted 
to include larger proportions of more difficult 
products. Only in the case of the second float 
plant did actual output exceed original esti- 
mates following debugging; but this too was 
due mostly to major shifts in its product-mix. 
Thus, output, as well as price, forecasts enter- 
ing into capital project planning should also 
encompass prospective product-mix adjust- 
ments. Incidentally, the seemingly accurate 
forecast of output for the Crystal City float 
factory—averaging only a 5% deviation over 
its ten operating years—represented the acci- 
dental result of major and wholly unexpected 
deviations from its expected product-mix. 


Total unit costs, investment requirements and 
profitability 

Deviations between expected and actual 
total unit costs were far greater than in respect 
to average revenue per unit of output. Unit 
cost levels exceeded expected levels in each 
period for each plant, averaging 73-75% higher 
in the case of the Cumberland plate and float 
factories, and almost 50% higher for Crystal 
City. It is also important to recognize the pat- 
tern of their deviations over time: decreasing 
from unexpectedly high start-up levels; and 
then increasing again as productivity improve- 
ments were insufficient to offset increases in 
factor prices as well as in marketing costs attri- 
butable to growing competitive pressures. 

The foregoing deviations between manager- 
ial expectations and actual changes in prices, 


| output levels and costs combined to produce 


even greater deviations between expected and 
actual changes in average unit profits. Early 
favorable surges in such measures were in 
every case followed by progressive reductions 
eventuating in losses for the first two and 
barely break-even results for the third. And the 
latter outcome owed more to the ‘beneficial’ 
product-mix allocated to it than to any super- 
ior efficiency in specific products relative to the 
first float plant. These findings further corrob- 
orate Gold’s hypothesis [2] that the early pro- 
fit benefits of major new innovational processes 
can be expected to decline as they are diffused 
among competitors and as responsive adjust- 
ments in factor and product prices as well as in 
product quality are effectuated. 
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Regarding fixed investment requirements, 
actual results again demonstrate wide differ- 
ences from original estimates. Total fixed 
investment in the plate factory when it was 
started surpassed by 66% initial estimates 
made 4 years earlier. On the other hand, the 
first two float factories were below initial 
investment estimates when they were started, 
but successive modifications during their first 
10 years of operations raised their investments 
until they exceeded original estimates by about 
20% in 1974-1975. The relationship of results 
to expectations was equally varied in respect to 
the productivity of fixed investment (i.e. the 
ratio of capacity to fixed investment): averag- 
ing about 50% below expected levels for the 
plate factory over its entire life, but only about 
5—10% below initial expectations for the first 
two float factories until 1975. 

Changes in rates of return over the period 
were merely the resultant, of course, of inter- 
actions among the various factors which have 
already been discussed. As might be expected, 
PPG’s top management reacted to such un- 
favorable adjustments through successive 
modifications in their perspectives regarding: 
the relative competitive positions of their 
various plants; pricing and marketing strate- 
gies; the need for constructing still newer facili- 
ties; and the timing of shutdowns for older 
facilities. For example, the disappointing finan- 
cial and market results of the Cumberland 
plate factory forced PPG’s senior management 
to search for ways to regain competitive 
strength through innovative capital projects 
even if these involved considerable risks—as 
was patently true of the float process. In time, 
its poor competitive performance led manage- 
ment to close the Cumberland plate factory in 
1973, only mid-way in its initially projected 
working life. 

Although Tables 2 and 3 reflect substantial 
errors in the estimates of returns on investment 
which underlay the decisions to construct the 
three plants, Professor Gold has uncovered a 
suggestive similarity among all three of these 
adjustment patterns. As shown in Fig. 1, early 
favorable returns were followed in each case by 
sharp and progressive declines long before even 
the mid-point of their projected working lives 
had been reached. Analysis of the various 
factors affecting this outcome suggests that the 
most influential was probably an_ overly 
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Fic. 1. Pre-tax returns on total investment for three suc- 


cesive capital projects. 


optimistic view of the long run competitive 
situation, which led to the expectation that 
prices would continue to exceed costs by a 
comfortable margin. Hindsight suggests, how- 
ever, that the very realization of unexpectedly 
high early returns should have led management 
to anticipate that these would attract rapidly 
increasing capacity with resulting pressures on 
profitability. 

This does not mean that ex ante evaluations 
are necessarily useless or even misleading. 
Rather it emphasizes the need to base such 
evaluations on comprehensive models which 
encompass the various physical and financial 
determinants of eventual results, as well as the 
need to revise such estimates periodically 
throughout the construction and operation of 
new facilities so as to take advantage of ad- 
ditional information and experience as these 
become available—and to then alter manage- 
ment’s responsive strategies accordingly. 


TOWARDS IMPROVING CAPITAL 
DECISION MODELS 


One major implication of the preceding 
detailed empirical analyses of actual major 
capital project decisions is the need to revise 
prevailing conceptions of the factors and stages 
involved in such processes. 
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A generalized model of the capital decision 

A general model is presented in Fig. 2 cover- 
ing the key factors encompassed in each of the 
major successive stages comprising most facili- 
ties’ investment decision processes. 

In the early stages of the decision process 
(Preconditions Stage), only rough, subjective 
evaluations need be made regarding internal 
and external pressures for change, while 
specific proposals for capital commitments 
have not yet been developed. Such external 
pressures would include expectations regard- 
ing: market prospects for the products under 
investigation, as well as the availability and 
price of required inputs, competitors’ activities, 
technological innovations, and _ evolving 
Governmental regulations. Important internal 
pressures for change would include capital 
. availability; changing market share objectives; 
product mix expectations; capacity utilization 
prospects; internal technological prospects; 


and shifts in other management objectives 
[12]. Successive ‘rounds’ of reviews are made 
of these considerations, shown schematically 
by successive iterations down a _ particular 
column (Column A in this instance) of the 
schematic of Fig. 2. These will most likely be 


casual and informal reviews during early 
rounds as many problems and possible actions 
are kept in view. 

Only after the possibilities have been win- 
nowed down to a few alternatives do serious 
analytical efforts begin. These may lead to per- 
iodic decisions to eliminate some remaining 
proposals, or to explore others more fully, 
leading to allocating budget commitments for 
special marketing or technical research. Such 
early decisions are influenced heavily not only 
by the substantive content of the emerging 
information, but also by the preferences repre- 
senting the values of senior executives [3]. 

Empirical evidence from this study suggests 
that management’s basic decisions to move 
ahead to Stage I and beyond are based most 
heavily on essentially subjective judgments 
concerning: (1) the likelihood that demand for 
the general type of product under consider- 
ation will continue for an extended period; (2) 
the necessity of periodic updating of products, 
facilities and distribution efforts to remain 
competitive; and (3) the ability of the firm’s 
staff, and the adequacy of its resources, to cope 
with unexpected future developments [7]. Such 
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judgments take into account estimates made by 
technical, marketing, and other staff specialists, 
although these are generally considered too 
shaky in early decision stages to rely on for 
actual decisions involving major capital com- 
mitments. For this reason, it is necessary to 
rely instead on management’s past experience 
and subjective judgments. For the projects 
studied, external pressures were by far the 
more important in determining the need to 
move on to successive decision rounds. Inter- 
estingly, however, the determining external 
pressure leading to the decision to move ahead 
shifted from project to project. Moreover, the 
relative influence of important internal and 
external pressures for change obviously varied 
from round to round for a given decision, as 
well as by major stages in each of the decision 
processes studied. Also, in later rounds, new 
sources of information were tapped. And pro- 
gressively more intensive and expensive efforts 
were made to narrow the recognized ranges of 
error of all estimates in later decision rounds. 
But decisions involving major capital commit- 
ments continued to be based on essentially 
subjective evaluations because of the inevitable 
inadequacy of objective estimates concerning 
an unknown future. 

Moreover, it should be stressed that senior 
management had no intention of deferring 
action until complete and authoritative infor- 
mation concerning future outcomes became 
available. Rather, they consistently believed all 
such forecasts would be in error, some by con- 
siderable margins, but that all their competi- 
tors would also have to deal with such errors. 
Hence, they were committed to making pro- 
gressive advances in developing and imple- 
menting project proposals, while retaining the 
freedom to modify earlier decisions as well as 
project targets on the basis of new information. 
In short, as Gold [7] has found in other cases, 
the firm’s senior management was less con- 
cerned with waiting until assured of fundamen- 
tally correct forecasts than with relying on its 
ability to make projects successful by adapting 
as effectively as any competitor to unexpected 
developments, threats or opportunities. Under 
such circumstances, it is understandable that 
they preferred basing their decisions more on 
their own intuitive judgments than on purpor- 
tedly sophisticated, but obviously inadequate, 
quantitative forecasts. 
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564 Skeddle 

No consistency was found among the capital 
projects studied in regard to the time required 
in moving from one major decision stage to the 
next. It would seem reasonable to surmise from 
this study. however, that successive major capi- 
tal projects involving essentially duplicative 
scales. designs, and basic technologies would 
be characterized by more consistent timing of 
successive stages of decision processes. But few 
major industries are likely to employ unchang- 
ing technologies. plant designs and production 
scales in plants built in successive 3- or 5-year 
periods. And, even then, there is little basis for 
expecting comparable stability in supply and 
demand conditions (either for inputs or out- 
puts), competitive pressures. performance 
expectations, or factory product-mixes. The 
findings in this research, focussing on success- 
ive major capital projects in only one firm, sup- 
port such doubts. 

New information and pressures arise at suc- 
cessively more advanced stages of the decision 
process. e.g. the construction, start-up and 
debugging stages. As one example, as more 
specific decisions are made about the new fa- 
cility’s design. mix capability. technological 
bases. input and output levels. engineering esti- 
mates can be replaced by general contractor 
bids. In turn, these can be replaced by sub- 
contracts on specific project components; and 
even later can be modified by change-orders. 

Actual experience has indicated that serious 
forecasts were not made covering the expected 
full working life of any of the major factories 
studied. As we noted earlier, this was due in 
part to top management's continued lack of 
confidence in the accuracy and reliability of 
long-term forecasts. But it was due in even 
greater measure to growing recognition of the 
need for repeated evaluations throughout the 
decision process so as to utilize the most cur- 
rent information regarding external as well as 
internal pressures. Such adaptive flexibility 
leads to better decisions than could possibly 
result from making unchanging commitments 
covering longer periods, even if these had been 
based on the acknowledged best guesses from 
highly trained and experienced specialists. Yet. 
the latter approach continues to be proposed 
by many analysts [13]. One additional recom- 
mendation suggested by these empirical results 
is that top management should make periodic 
reviews of the returns from earlier major capi- 
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tal projects covering wider time spans than 
today’s current focus on only the first three 
years of the new facility’s operation; and deter- 
minations should be made of the causes of past 
gaps. Of course, senior management can then 
initiate efforts which might reduce similar im- 
pending gaps and thereby ensure results closer 
to desired objectives. 


Sub-model: an economic evaluation framework 


for major capital projects 


This study found that few comprehensive 
economic analyses were made of the proposed 
projects even during the later stages of decision 
and even of operations. In order to facilitate 
such periodic appraisals on a systematic basis. 
this study suggests consideration of a general- 
ized analytic framework such as that shown in 
Fig. 3. 

It should be emphasized that the analytic 
framework presented is directed towards un- 
covering the causes of deviations as successive 
re-evaluations are made. This differs widely 
from the common practice in ex ante as well as 
ex post project evaluations which focus primar- 
ily on measuring results, with only peripheral 
attention to their causes. Stressing identifica- 
tion of the causes of deviations from earlier 
expectations provides direct guides both to de- 
veloping remedial actions and to adjusting 
future expectations and targets. In addition. 
highlighting the loci and magnitude of gaps 
between ex ante estimates and actual results 
sharpens management awareness of error mar- 
gins to be expected of the various quantitative 
estimates submitted. 

Application of such a model has shown that, 
contrary to popular opinion, engineering esti- 
mates are as subject to substantial revisions 
and errors over time as marketing, financial 
and other estimates. Needed technological re- 
adjustments tend to be greatest, of course, in 
project stages involving major technological 
changes. 

Applying such a comprehensive economic 
analytic framework in making ex post evalu- 
ations covering a much longer time span than 
the common ‘once-per-year for the first 3 years’ 
practice could provide improved management 
perspectives in assessing capital projects which 
are likely to have long lives. As has been 
shown, evaluations after 5 or 10 years of oper- 
ations may yield results startlingly different 
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from those emerging after only 2-3 years. Ser- 
ious attempts to forecast economic results over 
project lifetimes are rare, of course, largely 
because of general doubts about the effective- 
ness of very long-range forcasts; and this diffi- 
culty will surely never be overcome. But 
increasingly systematic analyses of actual pro- 
ject performance over long periods of time may 
at least offer some bases for improving past 
efforts along these lines. 


GENERAL CONCLUSIONS 


The following general conclusions are sug- 
gested by this study: 


| The basic values and subjective judgments of 
top management and of specialists played a 
dominant role in all of the major capital 
decisions studied. Moreover, they are bound 
to continue to do so because of the inevi- 
table limitations of purely quantitative esti- 
mates of the future based essentially on past 
relationships [7]. 


Nevertheless, there are very good reasons 
why management should require increas- 
ingly comprehensive and specific evaluations 
of market, technological and other prospects 
as consideration of major capital projects 
advances through successive stages to Board 
Approval and implementation. Excessively 
detailed evaluations at early stages are un- 
likely to be warranted, because of their wide 
margins of error. But as project commit- 
ments come closer, considerable outlays may 
be justified to reduce such error margins to 
the extent possible. Moreover, many ele- 
ments regarding the capital project may be 
similar or duplicative of past designs or ex- 
periences, and these may be more easily 
evaluated; while those which involve wider 
degrees of change, such as the introduction 
of one or more new products, or the inclu- 


sion of major technological innovations, . 


require successively reviewed judgmental 
inputs from experts specializing in those 
areas. 

But major capital project evaluations should 
also be placed in the broader context of 
company-wide performance inasmuch as the 
inclusion of a major new capital project can 
be expected to engender changes at many 


other points within the firm. In particular, as 
has been emphasized by the empirical find- 
ings of this research, it is necessary to con- 
sider not only the ROI of the given project, 
but also it’s impact on profitability and other 
goals of the entire firm. And such evalu- 
ations should also consider the effects on the 
firm if successive capital proposals are each 
rejected [11]. 


Of course, effective appraisals of the plans 
and capabilities of competitors are difficult 
to make. But they may be extremely valuable 
if made subject to periodic review and revi- 
sion, thus adjusting evaluations of competi- 
tive potentials as part of the process of regu- 
larly reviewing the needs and strategies of 
the firm itself. 


This study certainly does not settle the long- 
debated questions concerning the relative 
advantages of pioneering major technologi- 
cal innovations or waiting to follow the pio- 
neers. There is no doubt, however, that PPG 
gained major benefits from its experience 
with float glass and other technologies, while 
also paying substantial penalties. Certainly, 
no brief could be offered for always pioneer- 
ing. But always being a follower may jeopar- 
dize a company’s capacity to attract, and 
hold, the best technical and the most enter- 
prising managerial personnel. At the same 
time, this study suggests that the percent of 
promising technological ideas which prove 
to be commercially promising is likely to be 
very small. No company can expect a high 
rate of success in such undertakings; and 
failures must not be regarded as unfavorable 
reflections on senior management or on the 
technical staff. Only longer term results 
covering numerous technical undertakings 
can provide a meaningful basis for such 
judgments. 


The empirical evidence presented by this 
study suggests that, no matter how carefully 
management attempts to analyze major capi- 
tal decisions during their planning, especially 
those resting on major, new technological 
innovations, results may differ widely from 


- expectations. Hence, actual outcomes may 


be attributable as much, or even more, to 
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what is done after basic commitments are 
made as to the nature of the decision itself. 
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The paper reviews the extraordinarily rapid technological advances in international communications 
by submarine cables and by satellites as the basis for examining: (a) US regulatory efforts to 
maintain competitive relations as well as (b) attendant effects on operating costs, service capabili- 


ties, utilization rates and prices to users. 


INTRODUCTION 


THIS PAPER seeks to evaluate the relative 
economic and performance effects of techno- 
logical changes in the two competitive modes 
of facilities which form the US International 
Communications Network: communication 
satellites and submarine cables. Economic 
regulation of certain industries such as com- 
munications, transportation, and energy is 
highly developed in the US. Similar industries 
in other countries are either government- 
owned and operated, or the government main- 
tains a majority interest. The firms within the 
US International Communications Industry 
are subject to regulation by the Federal 
Communications Commission (FCC) under the 
Communications Act of 1934°. This study of 
rapidly changing technology in international 
communications facilities offers some new per- 
spectives on the objectives and limitations of 
government regulation. 





' Based on a Doctoral Dissertation approved in August 
1979 by the Department of Economics, Case Western 
Reserve University, USA. 

? The ideas and conclusiors presented in this paper 
represent the views of the author and should not be 
interpreted as representing the views of the XEROX Cor- 
poration or any of its affiliated organizations. 

347 USC, 1934 as amended. 


SALIENT FACTS ABOUT THE 
US INTERNATIONAL 
COMMUNICATIONS INDUSTRY 


The first voice grade submarine cable was 
installed between the US and Scotland in 1956 
and the first commercial communication satel- 
lite was launched in the Atlantic region in 
1965. During the period 1956-1979, 30 submar- 
ine cables belonging to four different vintages 
of technology were installed in the Atlantic, 
Pacific and Caribbean Ocean regions, forming 
the US international submarine cable network. 
The second in the latest generation of submar- 
ine cables will be installed in the Atlantic ocean 
region in 1983. During the period 1965-1979, 
27. commercial communication _ satellites 
belonging to 6 different vintages of technology 
were launched in the Atlantic, Pacific and 
Indian regions, forming the US international 
satellite communication network. The first in 
the latest generation of satellites is expected to 
be launched in early 1980. 

The US international communications 
industry is unique due to the extensive regula- 
tion and policy supervision by the US Govern- 
ment for reasons of foreign policy and national 
security, in addition to the more common 
reasons for regulation of domestic utilities. Its 
structure may reasonably be considered a regu- 
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lated duopoly. The dominant firm in the 
industry is the American Telephone and Tele- 
graph Company (AT&T). The second firm is 
the Communication Satellite Corporation 
(COMSAT), created as a monopoly by a 
special act of the US Congress in 1962*. From 
an end-user perspective (the US public), the 
structure is essentially a regulated monopoly 
(AT&T) because COMSAT is not authorized 
to serve the US public directly. In addition, 
there are several other firms which are a part of 
this industry and are identified as the Inter- 
national Record Carriers (IRCs)°. These IRCs, 
however, use AT&T’s and COMSAT?’s facili- 
ties. AT&T owns and operates submarine 
cables in coordination with overseas adminis- 
trations and foreign telecommunications enti- 
ties. As a consequence of numerous regulatory 
decisions, it provides Indefeasible Rights of 
Users (IRUs) in these submarine cables to 
IRCs through long term lease arrangements or 
part ownership. COMSAT owns, in partner- 
ship with other overseas administrations, com- 
munications satellites. It also operates the glo- 
bal satellite network on behalf of this partner- 
ship®. The partnership is known as the Inter- 
national Telecommunication Satellite Consor- 
tium (INTELSAT). Thus, COMSAT is a joint 
owner in the satellite network as well as the US 
Signatory (representative) in INTELSAT. 


INTERNATIONAL FACILITIES 
AND THE TECHNOLOGY RACE 
BETWEEN CABLES AND 
SATELLITES 


The evolution of the US international com- 
munications industry has been characterized 
by a de facto technology race between submar- 
ine cables and satellites which has been rein- 
forced by a series of FCC and other US 
Government decisions. In the thirty cables 





* Communications Satellite Act of 1962, 47 USC 1962. 

° These include Western Union International, Inc., ITT 
World Communications, Inc., RCA Global Communica- 
tions, TRT Telecommunications, Inc. etc. 

©The Management Services Contract (MSC) between 
COMSAT and Intelsat was terminated on 2 January, 1979 
and was replaced by the Technical Services Contract. 
According to the terms of this contract COMSAT is to 
provide services to Intelsat for a period of 6 years. 

’ The SH cable is still in the development stages. It is 
expected to possess a 16,000 voice circuit capacity. See 30 
FCC 2d, note on p. 574 and also see AT&T filing with the 
FCC, Docket 18875, 31 August, 1977. 
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since 1956, the voice circuit capacity per cable 
has increased from 36 voice circuits in the first 
generation to 4000 voice circuits in the latest 
generation of cables. This is indicated below: 





Voice circuit 
capacity 
per cable 


Type of Number of sub- 
technology marine cables 





SB 36 
SD 128 
SF 845 
SG 4000 
SH’ 16,000 





Since 1965, 27 communications satellites 
have been launched by COMSAT, and seven 
more belonging to the latest vintage of tech- 
nology will be launched during the period 
1980-83. The voice circuit capacity per satel- 
lites has increased from 240 voice circuits in 
the first generation to 12,000 voice circuits in 
the latest generation, as indicated below: 





Voice circuit 
capacity 
per satellite 


Number of 
satellites 


Type of 
technology 





Intelsat-I 
Intelsat-II 
Intelsat-III 
Intelsat-IV 
Intelsat-IV-A 
Intelsat-V 


240 
240 
1200 
4000 
7500 
12,000 





Since neither AT&T or COMSAT is in a pos- 
ition to optimize an appropriate mix of both 
types of facilities, their ownership rights have 
determined the marketing strategy of both 
firms. Sub-optimal investment decisions have 
been made by both—taking the form of a tech- 
nology race—resulting in over-investment, con- 
siderable excess capacity and inefficient modes 
of total system operation. Capacity utilization 
rates in international communications have 
been determined largely by the nature of cable 
and satellite technology as well as by growth in 
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demand. These factors have resulted in a need 
for spare and in-orbit back-up satellite facilities 
of identical technological vintages and have 
been a key factor in the separation of satellite 
operations in the form of primary and major 
path satellites in each ocean region. Addition- 
ally, because of the nature of cable technology, 
cable failure restorations have generally been 
accomplished via satellites. 


MARKET AND SERVICE 
SEGMENTATIONS: KEY US 
REGULATORY DECISIONS 


The relationship among all of these firms as 
well as their usage of facilities, e.g. cables and 
satellites, is controlled by various agencies of 
the US Government. This control includes rate 
base regulation by the FCC. Also, the US 
Department of State exercises oversight func- 
tions because both of the US entities (COM- 
SAT and AT&T) are actively engaged with 
foreign administrations in the construction and 
operation of their respective facilities. 

COMSAT, by law,® is not authorized to 
serve the US public directly and is also not 
authorized to interfere with or participate in, 
the planning, construction or operational im- 
plementation of submarine cables. Similarly, 
AT&T and the IRCs are not authorized to par- 
ticipate in the planning or implementation of 
international commercial communication satel- 
lites. By regulatory decisions, COMSAT must 
sell satellite circuits only to AT&T and the 
IRCs who, in turn, are authorized to serve the 
public either through these leased satellite cir- 
cuits or through their own cable circuits’. Ad- 
ditionally, during the period 1965-1973, AT&T 





8 Communications Satellite Act of 1962, 47 USC, 1962. 

° The Authorized User Decision, 4 FCC 2d, 421, 1966. 

10 See COMSAT Annual Reports to the President and 
the US Congress, each year, 1965-1973. 

‘1 The Earth Station Ownership Decision. 5 FCC 2d 812, 
1966. 

12 The TAT-IV Decision, 37 FCC 1151, 1964. 

13 The “Carrier of the Week” Decision, 2 FCC 2d, p. 41, 
1966. 

'4 See for example, Virgin Island and Puerto Rico Earth 
Station Decision, 5 FCC 2d, 823, 1966; TAT-V and VI 
decisions, Cantat II and Transpac II cable decisions, Intel- 
sat V and TAT-VII decisions, FCC Docket 18875. 

15 See 30 FCC 2d 571, 1971. It should be noted that 
‘circuit parity’ and ‘proportional fill’ policies are not econ- 
omically compatible when facilities have different voice cir- 
cuit capacities. 


together with the IRCs was the biggest stock- 
holder of COMSAT and was, accordingly, 
represented on COMSAT’s Board of Direc- 
tors'®. AT&T and the IRCs also own the US 
satellite earth stations in partnership with 
COMSAT. Consequently, COMSAT’s biggest 
customer is also its biggest competitor and a 
significant owner of its physical assets'?. 

The market for international communication 
services to the US end-users has been seg- 
mented as a result of a series of regulatory 
decisions. Voice services are provided by 
AT&T and non-voice services by the IRCs!?. 
International television services are provided 
on a weekly rotation basis by AT&T and the 
IRCs. This artificial segmentation of the mar- 
ket represents a compromise by the FCC 
among the numerous international carriers 
(AT&T and the IRCs); it does not reflect. any 
inherent requirement of the technologies or 
any other criteria which would logically justify 
this separation'*. The IRCs lease cable circuits 
from AT&T and satellite circuits from COM- 
SAT to provide non-voice services to the US 
public. AT&T leases satellite circuits from 
COMSAT and uses them together with its own 
cable circuits to provide voice services to the 
US public. 

In addition to the above, a series of regula- 
tory decisions have been enacted since 1965 
which have resulted in the almost simultaneous 
construction of new submarine cable and satel- 
lite facilities. These appear to be as a result of 
the compromise approach adopted by the FCC 
when faced with the competing applications for 
construction of facilities by COMSAT, AT&T 
and the IRCs'*. In order to mitigate the 
adverse economic effects associated with the 
simultaneous construction of new facilities with 
successively larger capacities, the FCC has 
enacted a number of regulatory rulings which 
were intended to ensure that competing inter- 
national facilities had ‘circuit activation parity’ 
or ‘proportional fill’ policies. The primary 
objective of this appears to be to ensure that, in 
view of the prevailing market structure, AT&T 
and the IRCs did not attempt to siphon away 
business from COMSAT by refusing to lease 
satellite facilities and, thereby, retard the 
growth of satellite technology'*. In summary, 
it is significant to note that an analysis of the 
above key regulatory decisions seems to sug- 
gest that the FCC has consistently adopted a 
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compromise approach both among the carriers 
and between COMSAT and the carriers, there- 
by promoting policies which appear to protect 
the competitors rather than to encourage com- 
petition among them. 


TECHNOLOGICAL CHANGES 
AND THEIR EFFECTS ON 
DIRECT COSTS 


Since the inception of the first voice grade 
submarine cable in 1956, the technology of 
cables has advanced at such a rapid rate that a 
new generation of cable technology was intro- 
duced on an average of once every 5 years dur- 
ing the period 1956-77. Such rapid advances in 
cable technology were achieved through the 
applied R&D efforts of AT&T and by incor- 
porating technological changes in the various 
subsystems of cable design and operations. In 
the various generations of technology, major 
changes incorporated to achieve higher voice 
circuit capacity included improvements in: the 
efficiency of bandwidth usage; design and com- 
ponents of repeaters and equalizers; more effi- 
cient trade-offs among repeater spacings, cable 
attentuation, and cable design; physical and 
communications properties of cable materials; 
and cable terminal and power feed facilities. As 
a result of these changes, the voice circuit ca- 
pacity of cables increased, as was noted earlier, 
from 36 to 4000 and is expected to reach 16,000 
in the next cable. As a result of these techno- 
logical changes, capacity cost per circuit, per 
year, per nautical mile declined from $19.54 in 
the SB cable to $0.62 in the SG cable and will 
further decline to $0.24 in the SH cable. 

An analysis of direct'® Operations and 
Maintenance (O&M) costs, per circuit, per 
year, per nautical mile, indicates that such 
costs declined from $20.27 in 1960 (SB cable) to 
$0.26 in 1976 (SG Cable) and are expected to 
decline further to $0.09 in the SH Cable. Ad- 
ditionally, the unit O&M costs in any particu- 
lar year were lower for the latest generation of 
cables as compared to earlier generations. The 
reductions in unit O&M costs were achieved 
through improvements in: the design and oper- 
ations of cableships; repair operations (e.g. 





'® Direct O&M costs do not include direct and indirect 
overheads. and as a result are representative of actual costs 
incurred in the operations of facilities. 
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more efficient cableplows, elimination of divers, 
higher speed of cableships, more efficient fault 
location systems etc.); and integrated oper- 
ations of terminal facilities at seashores. 

Similarly rapid advances in satellite commu- 
nications technology were achieved. During the 
period 1964-1977, a new satellite technology 
was introduced on an average of one every 3 
years. Such rapid advances in satellite tech- 
nology were achieved through the applied 
R&D efforts of COMSAT Laboratories and by 
incorporating technological changes in the 
various sub-systems of satellite design and op- 
erations. In the various generations of satellite 
technology, major changes incorporated to 
achieve higher voice circuit capacity included 
improvements in the: efficiency of bandwidth 
usage (e.g. dual polarization, beam and spatial 
isolation); launch vehicle capability; fuel injec- 
tion system; internal sub-systems of satellites 
to achieve higher design lives; and multiple 
access, antenna design and modulation tech- 
niques. As a result of these changes, the voice 
circuit capacity of satellites increased, as was 
noted earlier, from 240 in the first generation 
to 7500 in the latest generation and is expected 
to increase to 12,000 voice circuits in the IS-V 
satellite. As a result of these technological 
changes, capacity cost per circuit, per year, de- 
clined from $45,690 in the first satellite to $990 
in the latest and is expected to decline to $740 
in the next satellite. 

Direct O&M costs per circuit, per year, de- 
clined from $20,254 to $503 and are expected 
to decline to $450. Additionally, the unit O&M 
costs in any particular year were lower for the 
latest generation of satellites as compared to 
earlier generations. The reductions in direct 
unit O&M costs were achieved through im- 
provements in: Tracking, Telemetry and Com- 
mand (TT&C) Operations; ground control op- 
erations; and teleprocessing equipment design 
(resulting in reduced labor input). 

For example, as indicated in Fig. 1, a com- 
parative evaluation of the two types of facilities 
based on fixed investment requirements per cir- 
cuit, per year, indicates that cables are cost 
competitive with satellites in the Atlantic 
region; are superior to satellites in the Carib- 
bean and US-Hawaii regions; and are less 
than competitive with satellites in the Pacific 
region. It is significant to note that in a com- 
parative evaluation of the two types of facili- 
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Fic. 1. Circuit capacity vs fixed investment per circuit per year. 


ties, various technologically determined system 
characteristics make it difficult to conclusively 
establish the desirability of one type of facility 
as compared to the other. It is for this reason 
that in competing applications before the FCC 
for permits to construct new facilities, the pro- 
ponents of each technology tend to emphasize 
those factors which appear to yield a relative 
advantage to their own technology. These 
characteristics include: transmission delay, sys- 
tem reliability, channel noise levels, national 
security, multiple access capability, facility life 
expectancy and system capacity. 


GROWTH IN DEMAND AND 
CAPACITY UTILIZATION 
RATES 


During the last quarter of a century, the in- 
ternational communication industry has been 
characterized by an unprecedented growth in 
demand, primarily due to the availability of 
new communication facilities. For example, the 
US international telephone traffic to the ‘rest of 





'7 Although new technologies were introduced in cables 
on an average of every 5 years and in satellites on an 
average of every 3 years, individual cables and satellites 
belonging to the various vintages were installed/launched 
on an average of one per year in the cable system and two 
per year in the satellite system. 


the world’ grew from 6.86 million minutes in 
1956 to 647.90 million minutes in 1976 (annual 
growth rate of 25.5%); the telex traffic grew 
from 12.76 million minutes in 1964 to 149.97 
million minutes in 1976 (annual growth rate of 
22.8%); and the telegraph traffic declined 
slightly from 597.71 million words in 1956 to 
517.92 million words in 1976, thereby indicat- 
ing a substitution effect between telephone 
telex and telegraph services. 

During the period under consideration, a 
new cable was constructed on an average of 
one each year, resulting in an increase of cable 
network capacity from 36 voice circuits in 1956 
to 21,607 voice circuits in 1978. This capacity 
will further increase to 37,607 voice circuits by 
the end of 1983. Similarly, an average of two 
satellites per year were launched since 1965, 
resulting in an increase of satellite network ca- 
pacity from 240 voice circuits in 1965 to 43,000 
voice circuits in 1976. This capacity will further 
increase to approximately 60,000 voice circuits 
by the end of 1980'’. 

Although these increases in capacity were 
substantially in excess of the accompanying 
growth in demand, they were justified on 
grounds of redundancy, diversity, restoration. 
reliability, quality of service, and other opera- 
tional considerations. For example, Fig. 2 
presents the capacity utilization rates in the 
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submarine cable system (ratio of active circuits 
to total circuits). From this figure, it is evident 
that capacity utilization rates declined from 
97° in 1956 to 27% in 1976 in the Atlantic 
region; from 100% in 1960 to 30% in 1976 in 
the Caribbean region; and from 100% in 1957 
to 49°, in 1976 in the Pacific region. Similar 
conclusions relative to low satellite capacity 
utilization rates in the Atlantic, Pacific and in 
the Indian regions are also evident from Fig. 3. 

Figure 4 presents the variations in informa- 
tion loading in international facilities'®. This 
figure indicates that the information loading 
per circuit, per year, has remained almost 
steady for a period of 20 years despite enor- 
mous increases in the telephone and telex ser- 
vices. The implication of this is that, because of 
increases in capacity, the information loading 
per authorized circuit has remained stable des- 
pite the growth in demand, and that the ratio 
of authorized circuits to total circuits to carry 
this growth in demand has declined (Figs 2 and 
3). It is worth recalling that this excess capacity 





'S Information loading per circuit, per year is easily 
obtained in communication services by aggregating the 
various services in the form of a homogeneous output such 
as ‘minutes of total transmission’: Telephone (minutes), 
telex (minutes), television (minutes), telegraph (words 
divided by transmission speed in words per minute). The 
aggregate minutes of transmission is divided by the 
number of authorized circuits that transmit the informa- 
tion in a given time period, e.g. per year. This procedure 
yield information loading per circuit, per year and is inter- 
nally consistent. 


has been justified on the grounds of ‘quality of 
service’, redundancy, diversity, reliability and 
circuit restoration requirements. In view of 
numerous operational and technological con- 
straints, as reinforced by regulatory require- 
ments resulting from national defense needs, it 
is difficult to estimate an optimal maximum 
sustainable facility utilization rate, because of 
dependence on the subjective nature of judg- 
ments associated with ‘quality of service’ and 
diversity requirements. However, the experi- 
ence of periodically high utilization rates in the 
Pacific region seems to suggest that a utiliza- 
tion rate around 70% (ratio of authorized to 
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total circuits) would not adversely affect the 
quality of service’. 


INTERMEDIATE ENTITIES AND 
STRUCTURES OF INTERNATIONAL 
CARRIER RATES 


In the provision of international communi- 


cations services to the US public, use is made 
of facilities belonging to at least five different 
entities because of the organizational structure 
of the international communications industry. 
In this section, we will exemplify some of the 





'? It follows that for a given level of traffic, an excess 
capacity in the same as well as in different types of facilities 
increases the probability of a circuit being available when 
requested, and it also increases reliability, diversity and 
circuit restoration in the event of a fault in the system. 


organizational elements in order to clarify the 
structure of rates. For example, in a telephone 
call made from Cleveland, Ohio to Munich, 
Germany, use is made of facilities wholly or 
partly owned by the following entities which 
are answerable to different regulatory agencies 
for purposes of establishing rates. 

If, however, a telegram is placed from Cleve- 
land to Munich, a slightly different set of facili- 
ties is used. Since AT&T is not allowed to pro- 
vide services other than telephone, the caller in 
Cleveland would call the Western Union Tele- 
graph Company offices or any post office. The 
caller would not generally be aware (as a 
majority of the US public is not) of the Inter- 
national Record Carriers (IRCs) offices. The 
Western Union Telegraph Company would 
accept the customer’s telegram, but it is a 
domestic carrier and is not allowed to offer 





Entity 


Jurisdiction 





Ohio Bell—Local Network 

AT&T Long Lines Domestic 
Network 

AT&T Submarine Cable in Joint 
Ownership with Foreign 
Administrations 

COMSAT earth station—joint 
ownership with AT&T 

INTELSAT satellite—joint 
ownership with COMSAT and 
foreign administration 

United Kingdom and French 
domestic network for transit 
facilities 

German domestic network for 
termination of the call 


Ohio Public Utility Commission 
Federal Communication Commission 


Federal Communication Commission 


Federal Communication Commission 


International Regulations 


Foreign Administrations UK 
and France 


Germany 
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international services. Western Union would 
send the telegram to New York IRC offices, 
where it would be assigned to any of the IRCs 
according to a prearranged quota system and 
then transmitted through either cables or satel- 
lites. Thus, in the case of telegram, telex and 
data services, use is made of facilities wholly or 
partly owned by non AT&T carriers, such as 
Western Union, for the domestic loop. The use 
of facilities of different entities in the trans- 
mission of international communications 
results in the establishment of rates which rep- 
resent a compromise in resolving a variety of 
conflicts and problems among AT&T, the 
IRCs, COMSAT, Intelsat and foreign adminis- 
trations. Some of these conflicts have been 
resolved, or rather, stabilized, in a status quo 
manner by a series of FCC and Congressional 
decisions. 

AT&T and the IRCs average satellite lease 
rental charges of COMSAT with the cost of 
their own submarine cable facilities (composite 
pricing). Thus, there are four levels of rates 
involved in international communications: 


a. Intelsat charges to carriers: For the use of 
satellites, Intelsat establishes rates for its 
member participants for each half-circuit of 
two way transmission. COMSAT, as the US 
member in Intelsat, invests in satellites and 
leases capacity in satellites jointly owned by 
COMSAT and the other members of Intel- 
Sat; 


. COMSAT Charges to Carriers: COMSAT 
leases the same satellite capacity to AT&T 
and the IRCs through the US earth stations, 
which are jointly owned by COMSAT, 
AT&T and the IRCs. COMSAT, thus, 
establishes rates for the use of satellite cir- 
cuits by AT&T and the IRCs; 


>. Carrier Charges to the United States public: 
AT&T and the IRCs combine satellite rental 
charges with the cost of their own submar- 
ine cable facilities and establish rates for 
various services to the U.S. public; 


. Foreign Administration Charges to their Pub- 
lic: In addition to message services (e.g. tele- 
phone, telex etc.) for services which are 
leased for a period greater than a month 
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and utilize full circuits, the foreign adminis- 
trations establish their own half circuit rates. 
Similarly, the US Carriers establish their 
own half circuit rates to the US public. 
These services generally include the full time 
lease of voice grade circuits, or full time 
lease of telex circuits. The US half-circuit 
rates need not be the same as the foreign 
half-circuit rates. 


Some additional features of international 
communication rates should be noted. (1) Since 
all US international carriers are rate base regu- 
lated, and generally have a monopoly position, 
they have no real incentive to reduce rates 
unless confronted by potential entry in selected 
markets. Consequently, the rate reductions 
have either been made voluntarily by the car- 
riers, or the FCC has used its licensing author- 
ity for construction of new facilities as a means 
to force the carriers to reduce rates. (2) The 
composite pricing structure tends to reinforce a 
higher cost structure, because the current unit 
costs are markedly lower than embedded costs 
and composite pricing structure; thus, it rep- 
resents the cost effects of average technology 
rather than the latest technology. (3) In view of 
the fact that cables have 24 years of deprecia- 
tion life (compared to 7 years for satellites), and 
that AT&T has a virtual market monopoly, the 
carriers have been able to shift the burden of 
obsolescence to the consumer in the form of 
increased future charges, thus withholding the 
benefits of new technology. (4) International 
communications involves joint cooperation 
between the US and every other foreign 
country in terms of methods of communication 
operations, establishment of rates, and the 
exchange of revenues for outgoing and incom- 
ing communication calls. As a result, the three 
sets of rates—namely: accounting rates (based 
on facility ownership and usage), settlement 
rates (based on exchange rates and bulk buying 
arrangements), and collection rates (charges to 
the public}—tend to differ considerably on a 
unit basis. This paper addresses only the collec- 
tion rates. 

In this vertical integration of rates, Intelsat 
establishes essentially ‘pipe line’ rates for its 
member countries (i.e. rates per communica- 
tion channel irrespective of the information 
flow content), and its rate establishment philos- 
ophy is based on: (1) the ownership—use con- 
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FIG. 5. Changes in the structure of monthly rates for leased 
voice grade circuits (half-circuit, US-Europe). 


cept*®; (2) cost averaging between services and 
ocean regions; (3) 14% return on the use of 
capital assets; and (4) the revenue requirement 
per unit capacity which is generally used as a 
standard for bulk capacity rates (a half-circuit 
unit is used as a standard for other rates such 
as television (240 units) and restoration/data 
services). The concept of ‘ownership-use’ 
almost forces Intelsat to periodically reduce its 
rates to member countries, because the limit of 
14°, return on assets cannot be exceeded in 
any year under the constraints of the operating 
agreements. This indirect limit on the profit 
levels of Intelsat generally appears to be the 
key instrumental factor in reduction of Intelsat 
rates as engendered by the declining unit cost 
effects of technological changes in satellites 
(See Figs 5 and 6). 

The US carriers are rate base regulated by 
the FCC. But regulatory lags, coupled with the 
fact that, in reality, rates are not subject to 





7° The ownership-use concept refers to the operating 
agreements between the member nations of Intelsat. Under 
this concept, a member country’s percentage investment in 
Intelsat facilities is based on its percentage usage of the 
total satellite usage in a given year. The divergence 
between investment shares and usage percentage is period- 
ically adjusted. Note that the financial burdens associated 
with unused satellite capacity are shared by member coun- 
tries in proportion to their usage of satellites. 


regular periodic reviews, have resulted in 
reductions in US carrier rates which have 
generally been ad hoc and sporadic. Addition- 
ally, as is indicated in Figs 5 and 6, carrier 
rates are many times the Intelsat channel rates 
due to: the addition of direct and indirect over- 
head costs of many intermediate entities and 
composite pricing; variations in profit levels 
and objectives; additional costs of interconnect 
facilities; corporate R&D efforts; potential 
cross-subsidization of services; and individual 
service marketing strategies. Figures 5 and 6 
present the decline in, as well as the structural 
relationship between, Intelsat, COMSAT and 
the US service carrier rates for voice grade cir- 
cuits between US-Europe and US-Australia 
for the period 1964-1977. The divergence 
between the rates as well as the differences in 
the rates of decline are indicative of the distor- 
tions caused by the organizational relation- 
ships among firms in this industry. Similarly, 
Fig. 7 presents the divergence of rates between 
carriers and the historical decline in rates for 
international television transmission. Table 1 
presents a similar rate profile for message tele- 
phone services between the US and selected 
overseas countries/points. 

Tables 2 and 3 present the comparative sum- 
mary of the US and selected foreign adminis- 
tration rates for each half of the same voice 
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1969 


grade circuit and for message telephone service, 
respectively. It is interesting to note that 
foreign countries’ rates for commensurate ser- 
vices are as much as 50-60% higher than the 
US rates, reflecting: variations in rate estab- 
lishment philosophies; differential rates for 
social and business usage and differential inter- 
nal industry structures. 

A number of factors appear to have contri- 
buted to the decline in overseas communica- 
tion rates. First and foremost is the declining 
unit capacity and O&M costs of the successive 
generations of submarine cables and satellites. 
Second, although the FCC has never instituted 
a formal inquiry into AT&T’s and the IRC’s 
overseas rate structure, it has, nevertheless, 
requested that rates be reduced whenever it has 
authorized the construction of a submarine 
cable. Third, the initiation of the alternative 
and competitive mode of communication, e.g. 
satellites, appears to have provided enough 
threat as well as incentive to cause AT&T 
and the IRCs to reduce their overseas rates. 
Fourth, the rates to the overseas US points, e.g. 
Hawaii and Puerto Rico, were reduced when 
the ‘overseas’ carriers were designated ‘inter- 
national’ carriers, and the rates for the US 
owned overseas territories were integrated into 


the domestic longhaul rates for purposes of 
uniformity. 
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TABLE 2. US AND FOREIGN ADMINISTRATIONS HALF-CIRCUIT VOICE GRADE MONTHLY 
LEASE RATES—1977 





United States 
half-circuit 
rate ($) 


Foreign 
administrations’ 
half-circuit 
rate ($) 


Total 
($) 





Europe 
Austria 
France 
Italy 
Norway 
United Kingdom 


4575 
4575 
4575 
4757 


Western Pacific 
Australia 
Japan 
Singapore 
New Zealand 
Taiwan 


7768 
4930 
7301 
5675 
4888 


12,343 
9505 
11,876 
10,250 
9463 


9840 
13,403 
10,542 

8300 
12,105 


17,740 
21,203 
18,442 
16,200 
20,005 





Source: Data collected from AT&T and from respective foreign embassies, Washing- 


ton, DC 


IMPLICATIONS OF BASIC 
FINDINGS 


Rapidly changing technology in a regulated 
industry seems to present some dilemmas for 
regulatory agencies in terms of decision mak- 
ing and the establishment of objectives of econ- 
omic regulation. In clarifying regulatory objec- 
tives, agency officials must consider the conflict 
between seeking to minimize cost/rates in the 
short-run by maximizing utilization of existing 
facilities, as over against encouraging the con- 
struction of facilities embodying the latest in 
technology, and promoting technological inno- 
vations, which might indirectly promote per- 
iodic under-utilization of new as well as old 
facilities. Obviously, a fixed regulatory posture 


with emphasis on cost/rate minimization in the 
short-run may prove to be disadvantageous in 
the long-run, especially if it results in restric- 
tions on service innovations, reduced R&D 
efforts, and foreclosure of entry of new techno- 
logies. 

In international communications, techno- 
logical innovations tend to occur rapidly, 
whereas associated evaluative processes, both 
legal and economic, proceed at a slower pace. 
Under the judicial system of the US, including 
but not limited to regulatory statutes, carriers 
are able to appeal to higher judicial authorities 
(e.g. Court of Appeals) in order to seek relief 
from a regulatory agency’s decision concerning 
rate structures and/or construction of facilities. 
Fear of such judicial appeal seems to have 


TABLE 3. TELEPHONE RATES UNITED STATES AND SEVEN FOREIGN COUNTRIES 3 MINUTES—DAY TIME 
RATE—STATION-TO-STATION 





United States 
to foreign 
country 
($) 


Foreign country 
to United States 
(National currency 
of country) 


Foreign country 
to United States 
($)* 





United States—France 
United States—United 
Kingdom 
United States-Germany 
United States—Australia 
United States-Italy 
United States—Brazil 
United States—Argentina 


7.51 36.9 Francs 
5.22 
14.24 
8.19 
6.06 
9.48 
13.96 


2.7 Pounds Sterling 
30 Marks 

7.2 Australian Dollar 
5250 Lira 

152 Cruzeiros 

8971 Pesos 





* Based on exchange rate on 8 February, 1978. 


Source: collected from AT&T and from respective foreign embassies, Washington DC. 
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resulted in hastily made decisions on the part 
of the FCC. It would appear, therefore, that 
some methods/procedures should be instituted 
which would expedite the evaluative processes 
without compromising the legal rights of car- 
riers or of the regulatory agencies. 

The current structure of this industry has 
evolved as a result of numerous regulatory as 
well as congressional decisions. The structure, 
in brief, is that AT&T and the IRCs have a 
monopoly on the end-user markets and that 
COMSAT has been transformed into a virtual 
vertical affiliate of AT&T. The following issues 
and alternatives are suggested for consider- 
ation as the basis for developing policies which 
would enhance competition and, perhaps, im- 
prove performance of this industry. 

Inter-modal competition could be enhanced 
further if COMSAT were to be allowed to 
serve the end-user market instead of being re- 
stricted to selling satellite circuits only to 
AT&T and the IRCs. This would afford the 
end-user an opportunity to choose between 
*...a sufficient variety of price-quality 
combinations —consistent with efficient 
production so that each can register a free 


and tolerable well informed monetary ap- 


praisal of the quality differentials that are 
offered” [12]. The end-user would then be able 
to select between service offerings made by 
either AT&T (cables) or COMSAT (satellites). 

The implications of the above would be that 
AT&T would no longer be required by regula- 
tory statutes to lease satellite circuits from 
COMSAT and, likewise, COMSAT would not 
be dependent on AT&T for the sale of satellite 
circuits. AT&T and COMSAT would compete 
with each other on the basis of existing and 
potential advantages of their respective facili- 
ties. Another advantage of the above alterna- 
tive would seem to be that it would allow inter- 
and intra-modal competition in the domestic 
component of international services. COM- 
SAT, AT&T and the IRCs, as well as existing 
and future domestic carriers, would be able to 
interconnect their domestic networks consist- 





>! Such as SBS and XEROX (XTEN), who have recently 
petitioned the FCC to operate domestic satellite networks, 
and the American Satellite Corporation which already 
operates a domestic satellite network. This also includes 
other specialized common carriers who either already 
operate or intend to operate domestic microwave/coaxial 
cable networks. 
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ing of either domestic satellites, microwave or 
coaxial cable systems, with the international 
cable or satellite networks”'. Additionally, this 
alternative would enhance competition with 
the existing domestic carriers such as AT&T 
and Western Union. 

Competition could be further increased if the 
separation of markets for voice and non-voice 
services could be eliminated. This would allow 
international carriers to integrate transmission 
technologies and introduce service innovations. 
In the domestic component of international 
services, it would allow existing and future car- 
riers to integrate domestic facilities for provi- 
sion of joint service offerings (voice and non- 
voice). 

A summary analysis of key regulatory deci- 
sions as presented in this paper seems to sug- 
gest that the effectiveness of economic regula- 
tion could be increased be developing more 
sophisticated capabilities for evaluating the ser- 
vice and economic potentials of newly emerg- 
ing advances in technology in advance of appli- 
cations by the carriers to construct facilities. 
This would provide a means of continuously 
monitoring technological developments as well 
as of maintaining a more comprehensive infor- 
mation base covering the activities of regulated 
carriers. As a result, carrier applications for 
construction permits and other matters might 
be dealt with more expeditiously. A continuous 
surveillance of the service and economic poten- 
tials of new advances in technology would also 
allow the agencies to engage in more effective 
long range regulatory planning; to develop 
guidelines for future construction of facilities; 
to institute improved evaluative processes and 
procedures; and to establish better criteria for 
defining the public interest. 

Any form of regulatory process faced with 
new technological advances must be able to 
reassess objectives and procedures, because it is 
not possible to anticipate all possible techno- 
logical changes and their implications. Ad- 
ditionally, this would allow the agencies to ini- 
tiate proceedings for revising service and rate 
proceedings, instead of merely reacting to pro- 
posals advanced by the regulated carriers. 
Furthermore, this would afford an opportunity 
to more thoroughly investigate, perhaps with 
the assistance of objective (non-participating) 
entities, such fundamental issues as: What level 
of underutilization of capacity should be con- 
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sidered an undue burden on end-users? What 
are the long-term ramifications of alternative 
regulatory postures? 
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After calling attention to some misleading conceptions of the industrial sectors facing increasing 
challenges from abroad, the analysis highlights the primary sources of recent shortcomings in the 
competitiveness of major industries in the US and in some other long industrialized economies. 
Suggestions are then offered concerning potential corrective policies available to national govern- 
ments, to managements, to trade unions and to universities as well. Finally, the need for long term 
perspectives in formulating and implementing such constructive programs is emphasized along with 
the need to integrate them with other major programs for promoting the national welfare. 


THE RECENTLY intensified concern in the 
United States and in a number of other coun- 
tries about the technological capabilities of 
domestic industries seems to have been trig- 
gered primarily by: 


a. the apparently decreasing competitiveness of 
a number of important industries vis-a-vis 
foreign producers—thereby unfavorably 
affecting income and employment levels as 
well as foreign trade balances; and 


. declining rates of improvement in_pro- 
ductivity levels combined with increasing 
supply and cost pressures on natural 
resources, energy and other inputs—thereby 
unfavorably affecting economic growth, 
standards of living and efforts to reduce 
inflation. 





' Based on a study commissioned by the US National 
Science Foundation, but any opinions, conclusions or 
recommendations are, of course, those of the author alone. 

? William E Umstattd Professor of Industrial Economics 
and Director of the Research Program in Industrial Econ- 
omics, Case Western Reserve University, Ohio, USA. 

* The most recent publication based on these studies is 
Gold [5]. 
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As is often the case with burgeoning public 
issues, widespread recognition of the need to 
strengthen such industrial capabilities has 
engendered a flood of proposals for immediate 
action. Few of these, however, seem to be 
based on careful diagnoses of the shortcomings 
to be overcome, their causes and the industrial 
sectors affected by them. Accordingly, it may 
be of interest to consider the following ap- 
praisal which is based on more than two 
decades of research on the sources and effects 
of technological advances in US, Western 
European and Japanese industries.’ Although 
the analysis is centered on the situation in the 
US, there is ample reason for believing that 
much of it will prove relevant to other Western 
countries. 


SOME MISLEADING 
CONCEPTIONS OF THE 
PROBLEMS FACED 


Development of constructive approaches to 
strengthening the international competitiveness 
of domestic industries requires revising five 
misleading conceptions of the fundamental 
problems to be dealt with. 





584 


First, contrary to common beliefs, foreign 
challenges to domestic producers are no longer 
focussed primarily on displacing marginal 
industries characterized by relatively simple 
technologies and small scale operations. 
Instead, they are being increasingly directed at 
the very industries whose superiority has 
seemed most secure because of their techno- 
logical complexity, large scale operations and 
management sophistication. The targets have 
accordingly reached beyond textiles, shoes and 
clothing to encompass automobiles, steel, 
machinery and consumer electronics. More- 
over, serious thrusts are also imminent in re- 
spect to such ‘high technology’ industries 
as large and medium-size computers, semi- 
conductors, aircraft, telecommunications and 
pharmaceuticals. And such foreign develop- 
ment efforts are aimed not only at increasing 
dominance of their own home markets, but 
also at gaining, and then retaining, as large a 
share as possible of US and world markets. 

Widespread failure to recognize these bold 
aspiration levels of foreign producers helps to 
explain the repeated reactions of surprise when 
strong foreign competition has emerged in 
industry after industry which had unconcer- 
nedly observed the discomfiture of earlier vic- 
tims. Serious analysis emphasizes that the 
problem to be confronted is not as simple as 
has been suggested by those who have pro- 
posed abandoning such ‘backward’ industries 
in the expectation that offsetting gains are 
available by merely intensifying commitments 
to ‘higher technology’ sectors. On the contrary, 
it is necessary to recognize that the foreign 
challenge affects all industries, including those 
developing and utilizing the ‘highest’ technolo- 
gies; and that major technological advances 
are in the offing which can yield substantial 
competitive advantages in virtually all indus- 
tries. In addition, sound evaluation of the im- 
portance of seeking to strengthen the techno- 
logical competitiveness of various domestic 
industries must take account not only of the 
sheer novelty or sophistication of prospective 
further technological advances, but also of 
their potential short term and longer term im- 
pacts on domestic employment levels, on their 
contributions to reinforcing the competitive- 
ness of the industries utilizing its products, and 
even on national security. 

Second, the declining international competi- 
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tiveness of an increasing array of domestic 
industries is not due only to the inevitably 
more rapid growth of hitherto under-developed 
nations on the basis of increased education, 
resource development and access to capital. 
Rather, it is due in greater measure to the 
expansion of efforts to improve the competi- 
tiveness of already advanced industrial econ- 
omies, especially through the greater encour- 
agement and support of their governments. 
Another significant cause has been the declin- 
ing commitment by many domestic producers 
to strengthening the technological foundations 
of their competitiveness. In short, the problems 
result not only from the inevitable and patently 
unrestrainable surge of industrialization in the 
hitherto less developed parts of the world, but, 
to a larger degree, from the contrast between 
the intensification of major technological im- 
provement efforts in some advanced economies 
and the relative diminution of such commit- 
ments by many domestic producers. 

Third, such decreasing commitments are not 
due to managerial ignorance, indifference, 
incompetence or sloth. They are traceable to 
analyses suggesting that a variety of alternative 
allocations of resources offer more attractive 
financial rewards than programs to improve 
technology and productivity. Hence, there is 
good reason to doubt the adequacy of frequent 
proposals to ensure an increase in technologi- 
cal improvement efforts by simply increasing 
depreciation allowances and decreasing tax 
rates. It is reasonable, of course, to claim that 
increased profits and depreciation might 
encourage greater allocations to technological 
improvement undertakings, although such 
innovational efforts are also not infrequently 
stimulated by decreasing profits and increasing 
threats to the survival of the firm. But the belief 
that increases in cash flow would surely gener- 
ate comparable increases in needed innova- 
tional efforts is open to more serious question, 
unless the financial incentives for doing so are 
substantially increased relative to those offered 
by alternative allocations of any increases in 
available resources. 

Fourth, technological competitiveness cannot 
be restored quickly. Even if major improve- 
ments could be effected without delay in the 
strength of incentives to enhance the techno- 
logical capabilities of major domestic indus- 
tries relative to concomitant deterrents, it 
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would take at least 5-10 years for already lag- 
ging industries even to catch up with leading 
foreign competitors—and surpassing the latter 
through development and utilization of major 
advances in technology may well take much 
longer. 

Finally, it is unrealistic to concentrate solely 
on the constructive potentials of advances 
in technology and _ productivity-—including 
increased economic growth, higher standards 
of living, more effective adaptation to resource 
stringencies and the easing of inflationary 
pressures. Underlying such eventual aggregate 
benefits, one must recognize an array of more 
specific and more immediate effects, some of 
which tend to be less universally welcome. 
Hence, efforts to achieve more effective 
advances in the technological capabilities of 
domestic industries must be based on a realiza- 
tion that such gains have been, and may well 
continue to be, subject to significant resistances 
as well as stimuli. 


BASIC SOURCES OF ADVANCES 
IN TECHNOLOGICAL 
CAPABILITIES 


Improvements in the technological competi- 
tiveness of domestic industries are traceable to 
three primary sources: 


(1) Adopting technological advances developed 
and in successrul use abroad in order to 
reduce lags behind foreign competitors; 


(2) Undertaking major, long-run, _ risky, 
research and development programs seek- 
ing significant competitive advantages over 
other producers; and 


(3) Conducting short term R&D projects seek- 
ing modest and usually transitory market 


benefits. 


In considering the potential role of each of 





* President Carter has been quoted as expressing con- 
cern about the fact that, “—in recent years, industry has 
concentrated more and more on low risk, short term pro- 
jects directed at improving existing products. He said an 
emphasis on longer term projects is ‘closely related’ to 
economic productivity and US competitiveness in world 
markets”. (Wall Street Journal, 12 May, 1978.) 


these in a national program to advance the 
technological capabilities of domestic indus- 
tries, the following general estimates may be 
hazarded pending further evaluations in 
specific industrial contexts. Adoption of the 
innovations developed elsewhere offers larger, 
more rapid and less risky advances towards 
catching up with competitors than the others; 
but it may require larger immediate capital 
investments in new facilities, and may also 
involve sharper dislocations in existing operat- 
ing arrangements and labor-management 
relationships. Seeking major technological 
advances through internal development efforts 
offers the only possibility of achieving advan- 
tages over competitors which are substantial 
and also likely to last for several years. But, as 
was noted earlier, such benefits may not 
emerge for a decade or more, if at all. 

As among these sources of increased techno- 
logical competitiveness, the most urgent short- 
comings in domestic industries seem to be cen- 
tered in the first two. Although available data 
on research and development expenditures 
reveal significantly reduced rates of growth in 
recent years, even before these are adjusted for 
cost inflation, exploratory surveys suggest that 
such statistics fail to reveal the full extent of 
cut-backs in the longer-term, riskier and more 
basic sectors of research programs.* 

In order to understand past managerial 
choices among the above alternatives—and as 
a basis for efforts to alter such past decision 
patterns—it is necessary to recognize that the 
overriding objective of private industrial firms 
is not to maximize their technological capabili- 
ties, but to maintain or improve profit rates 
and market shares. Practical experience dem- 
onstrates that opportunities for advancing 
technological capabilities must compete for 
available resources with a wide array of other 
managerial options. These may _ include: 
expanding capacity without altering tech- 
nology; increasing product diversification; 
intensifying marketing efforts; acquiring other 
firms; integrating backward or forward; invest- 
ing abroad; and _ reducing indebtedness. 
Accordingly, persuading managements to in- 
crease their commitments to advancing techno- 
logical capabilities requires developments 
which will enhance their estimates of the pros- 
pective rewards of such decisions relative to the 
costs and risks involved. 
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PRIMARY CAUSES OF 
SHORTCOMINGS 


Lagging adoption 
advances 
Academic and governmental observers have 
frequently criticized belated or inadequate 
adoptions by domestic firms of technological 
advances already in commercial use abroad, 
often attributing such lags to resistance to 
change, or to ignorance, or even to incompe- 
tence. But more serious analysis reveals three 
sets of specific reasons for delaying such adop- 
tions. These warrant careful consideration if 
effective means are to be devised for encourag- 
ing faster adoptions of at least the more 
promising of available technological advances. 
One group of reasons for delaying such 
adoptions involves expectations that the econ- 
omic benefits of applications in the US would 
be substantially less attractive than in current 
uses abroad. For example, potential reductions 
in unit wage cost might be sharply curtailed by 
domestic trade union pressures, either against 
substantial decreases in employment, or in 
favor of increases in wage rates which would 
offset the unit wage cost benefits of any permit- 


of foreign technological 


ted reductions in man-hour requirements per 
unit of output. There may also be disadvan- 





° For example, modern large scale Japanese steel mills 
average more than double US finished output per man- 
hour while paying substantially lower wage rates and also 
consuming about 30°, less energy per ton of product. Al- 
though there are no technical reasons why such plants 
could not be duplicated in this country, their economic 
benefits would obviously be much smaller in view of the 
unlikelihood of effecting comparable decreases in manning 
and wate rates and in view of the fact that the construction 
of such mills in the US would cost nearly twice as much 
per ton of capacity. For fuller discussion, see Gold [2]. 

® The powerful pressures of our sophisticated and fluid 
capital markets for maximizing short term profitability 
were strikingly illustrated by a recent report in Forbes 
Magazine (9 January, 1979). It told of the experience of a 
corporate chief executive who told a meeting of security 
analysts that, if he were to announce a development project 
that would double his company’s profits in two years, but 
would involve decreased earnings for the next three 
quarters, all of the analysts would recommend selling the 
stock immediately—and their admission that he was cor- 
rect. 

’ For example, even using discount rates of only 15% 
reduces the present value of net incomes available only 
after 4 years by almost one-half. Yet a wide array of 
modern production facilities require 5-10 years before they 
are likely to yield significant net profits, including large 
scale mines, electric power plants, petroleum refineries, 
aluminum plants and integrated steel mills. For fuller dis- 
cussion, see Gold and Boylan [7]. 


tages in respect to average capital charges per 
unit of output, in part because of the frequently 
higher investment requirements per unit of ca- 
pacity in the US—due to higher construction 
costs and higher prices of many kinds of capi- 
tal goods—and in part because of higher inter- 
est rates during some periods.> Some innova- 
tions may also be less rewarding to prospective 
domestic adopters because relevant material 
and fuel supplies and prices in the US may be 
disadvantageous. Even prospective cost reduc- 
tions may fail to motivate faster adoptions by 
domestic industries if their managements 
believe that these would not yield either higher 
profits or increased market share because of 
the aggressive pricing policies of imports— 
which reflect the determination of foreign pro- 
ducers, with the active support of their govern- 
ments, to maintain or increase their US mar- 
kets at any price. 

A second set of factors tending to inhibit 
rapid adoption of many technological advances 
developed abroad derives from the increasing 
weight given by domestic capital markets to 
maximizing short term profitability, or the net 
present value of expected deferred earnings. 
This has been intensified in part by the increas- 
ing role in stock ownership and trading of in- 
stitutions competing with one another for pen- 
sion and other investment funds on the basis of 
short terms yields.° It has been implemented 
by the growing use of formal capital budgeting 
methods which provide for the explicit dis- 
counting of future returns—and which have 
tended to shorten investment horizons in 
recent years as discount rates have risen.’ An 
emphasis on short term results has also been 
encouraged by increasing uncertainty about 
longer term economic prospects in a wide 
array of industries, often less than fully reflec- 
ted in current discount rates. 

Such pressures have tended to encourage 
concentration on projects which can be com- 
pleted more quickly and which involve rela- 
tively smaller financial commitments, rather 
than face the prospect of lowered profitability 
over extended periods (as increasing recources 
are absorbed into long term undertakings 
which yield no additional revenues until they 
come to fruition)}—with resulting unfavorable 
reflections on management as well as on the 
firm’s attractiveness to investors and lenders. 
This has encouraged not only the deferral of 
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large scale modernization and construction 
projects, but also the increasing concentration 
of R&D: on modest, immediately applicable 
product improvements as over against seeking 
major advances in basic processes; and on 
catching up with or matching imminent gains 
by competitors rather than attempting to 
advance far beyond them. 

Resulting tendencies to concentrate on 
shorter-term commitments have also been rein- 
forced by the availability of such alternative 
allocations which promise higher net present 
values. For example, short-term money mar- 
kets offer more attractive and apparently less 
risky current returns than long term invest- 
ments in constructing more advanced plants 
with their attendant uncertainties about future 
market demand, prices, competitive pressures 
and technological changes. In addition, during 


periods when the capital assets of other firms | 
been the primary causes of inadequate and de- 


are undervalued in the stock market, tempting 
opportunities may exist for acquiring already 
functioning productive facilities (and attendant 
personnel and markets) through purchasing 
equity shares. 

A third group of reasons for delaying the 
adoption of superior foreign technologies 
would center around their failure to satisfy the 
most urgent needs of domestic producers. For 
example, a prospective reduction in total unit 
costs would not be given great weight by firms 
facing more compelling pressures to use avail- 
able resources for the improvement of product 
quality, or for sharply reducing specified forms 
of pollution, or for shifting to new kinds of 
material or energy inputs. In some instances, 
the available scale of facilities successfully 
embodying the technological innovation may 
be too small, or too large, relative to common 
domestic operating requirements. It must also 
be recognized that the products which benefit 
most from certain technological advances may 
be relatively less important in domestic mar- 
kets. 

In short, the lagging adoption of technologi- 
cal advances may represent wholly justifiable 
managerial responses to the relative profitabi- 
lity potentials of alternative allocations of 
available resources. Specific opportunities and 
urgencies tend to differ, of course, from 
industry to industry and even from firm to 
firm. But the decisions tend to be dominated in 
all cases, except where government regulations 
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have to be met, by managerial perceptions of 
the relative profitability of available techno- 
logical and non-technological options. Such 
perceptions have led in recent years to the 
increasing allocation of resources to non- 
technological options; and, within technologi- 
cal undertakings, to short term, low invest- 
ment, low risk projects. Hence, the develop- 
ment of effective governmental policies to 
stimulate greater technology-improvement 
efforts must be based on identification of broad 
industry-wide deterrents to such commitments, 
as well as on any additional deterrents applic- 
able to those specific sectors of industry whose 
declining international competitiveness is of 
particular concern. 


Inadequate allocations for developing major 
technological advances 


Individual company programs. What have 


creasing industrial allocations for long term, 
risky and potentially high cost research and 
development programs seeking major techno- 
logical advances in processes and products that 
would yield substantial competitive advan- 
tages? The most important reasons are the 
same as those which have already been cited 
above as inhibiting the adoption of already 
available technological advances. Such demon- 
strably influential deterrents to the adoption of 
already successful innovations cannot but cur- 
tail managerial willingness to make long term 
investments in research and development 
undertakings which, even in the uncertain 
event of technological success, often prove to 
be financially unattractive. 

Three additional deterrents to major long 
term research commitments tend to occur 
within the capital allocation process of many 
firms. The greater uncertainty concerning the 
timing and magnitude of potential R&D 
results often serves.to disadvantage such bud- 
get requests relative to other claimants. 
Another source of relative disadvantage is the 
recognition that even if proposed R&D under- 
takings should prove successful, they are then 
likely to require additional substantial capital 
investments to achieve effective commercializ- 
ation—thus counseling the delay of such 
undertakings when capital shortages are 
expected. Still another factor tending to dis- 
courage major long term research programs 
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has been the widespread under-estimation by 
managements of the benefits derived from such 
undertakings in the past. By concentrating 
solely on the incremental returns from major 
product or process innovations, they have 
commonly ignored two other significant contri- 
butions. One involves the frequent by-product 
flow of successive minor improvements in pro- 
cesses, facilities and products resulting from 
fuller understanding of the factors affecting 
performance. And the second involves the 
benefits of minimizing the magnitude and dur- 
ation of the advantages enjoyed by competitors 
who happen to reach common technological 
improvement targets sooner. Such an effective 
ability to catch up—when each among an 
array of powerful competitors is likely to sur- 
pass all others only occasionally—tends to be 
especially important in industries not given to 
licensing. and may also help to moderate terms 
when licenses are offered.® 

Moreover, several external developments 


have eased the urgency in a number of indus- - 
tries of undertaking long term risky R&D pro-- 


grams lest major advances by competitors 
threaten serious financial burdens. In some 
industries, such threats have been minimized 
through pervasive reductions of such develop- 
ment programs by all domestic competitors. In 
some others, major technological advances are 
often readily available for licensing on terms 
which compare favorably with the prospective 
costs and risk of originating efforts to duplicate 
comparable developments—and this is es- 
pecially likely in respect to the licensing of 
foreign advances for domestic applications. 
Moreover, even major technological advances 
have tended to diffuse so slowly in many indus- 
tries that laggards often suffer only moderate 
penalties for extended periods, especially when 
such diffusion can be further retarded through 
intensified marketing efforts by non-adopters.° 
It is undoubtedly true that “it is cheaper to be 
a follower than a pioneer”, as has often been 
asserted in support of lagging technological 
efforts. But there has been no persuasive evi- 
dence as yet that this represents a consistently 
more profitable policy over the long run. 





8 For further discussion, see Gold [1]. 


° For a comprehensive review of such rates, see Nabseth 
and Ray [8]. For a detailed study of such rates in one 
industry over a period of more than 50 years, see Gold et 
al. [6]. 
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Finally, leaving discussion of tax deterrents 
for a later section, attention must be given to 
the occasionally deterrent role of various 
governmental regulatory activities. One of the 
most. important sources of improved techno- 
logical capabilities in recent years has been 
increasing the scale of operating units in 
various industries, whether electric power 
plants, or petroleum refineries, or cement mills, 
or pulp and paper plants, or steel mills. Effec- 
tive development and utilization of such facili- 
ties, however, has also tended to encourage in- 
creases in the size of the firms operating such 
units: and, hence, to increase dominance of 
these industries by a decreasing number of 
firms. In some countries, the harnessing of 
these potential increases in technological com- 
petitiveness have been actively supported by 
their governments. But the official US govern- 
mental commitment to. preventing whatever 
may be considered ‘excessive’ concentration at 
different periods by different officials has 
tended to discourage systematic efforts to de- 
velop such innovational potentials in major 
domestic industries. It should also be noted 
that the government’s frequent and increas- 
ingly widespread, though often unofficial, 
pressures against price increases have intro- 
duced an additional source of uncertainty in 
evaluations of the perspective profitability of 
developing new technologies or building large 
new plants in industries facing possible ca- 
pacity shortages. The likelihood that higher 
prices may not be available to those prepared 
to make new investments to help cope with 
such expected shortages can only serve as an 
additional source of discouragement. 

Patent policies, which were originally 
intended to encourage technological advances, 
have also actually begun to exert a negative 
influence in some areas. For example, the vul- 
nerability of patent decisions, apparently due 
to the limited staff and expertise used to evalu- 
ate applications, means that the potential bene- 
fits of patent awards may remain at risk for 
many years in addition to the possibility of 
requiring heavy legal fees to help sustain them. 
Still another deterrent applicable to an increas- 
ing array of industries derives from uncertainty 
about the willingness of the US government to 
prevent imports subsidized by foreign govern- 
ments from maintaining or increasing their 
shares of US markets, regardless of whatever 
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cost and price reductions could be achieved by 
domestic producers through costly and risky 
technological development programs. 

Altogether, the foregoing represent a very 
formidable array of deterrents. Moreover, it is 
apparent that most of these have been intensi- 
fied during the past decade, thus helping to 
explain not only why there has been a decline 
in long term research seeking major advances 
in industrial technology, but also why this has 
been intensified during recent years in 
numerous industries. 

Co-operative research programs. Even the 
long term research and development programs 
of individual firms tend to be limited to under- 
takings likely to reach commercial fruition in 
less than 10 years, including the years necess- 
ary to construct facilities to utilize resulting 
advances and to begin marketing their 
products. One of the most promising means of 
multiplying such ‘private efforts would be to 
increase the array of technologies which have 
emerged from the often lengthy and costly as 
well as risky processes of intermediate develop- 
ment between basic research findings and a 


level deemed to be within striking distance of | 


achieving appropriable forms of commerciali- 
zation. 

Intermediate technologies which seem ripe 
enough to attract private firms to attempt com- 
mercial development are likely to emerge but 
infrequently, however, so long as needed 
advances beyond basic research findings are 
left to the happenstance accumulation of par- 
tial contributions from intermittent efforts 
motivated by overly optimistic estimates of the 
remaining barriers to success. More aggressive 
and consistent efforts to identify and to de- 
velop promising possibilities would undoubt- 
edly increase the array of technologies 
approaching commercialization. And resulting 
advances in intermediate technologies would 
help to strengthen the technological founda- 
tions of the industry sectors affected, offering 
eventual competitive benefits to producers and 
related economic sectors. 

But because such intermediate advances, 
however promising, do not yet offer commer- 
cially appropriable benefits, it is understand- 
able that private firms tend to be unwilling to 
commit substantial resources to projects of this 
kind. The resulting intensification of efforts by 
such firms to effect the commercialization only 
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of the relatively ripe products of intermediate 
developments, combined with minimizing 
investments in programs seeking to ripen new 
possibilities, cannot but undermine the founda- 
tions of future advances in technological capa- 
bilities. This portends serious consequences not 
only for the individual firms but for the 
national economy as well and, hence, empha- 
sizes the need to explore the extensive experi- 
ence of other governments in developing means 
of integrating the limited resource contribu- 
tions of individual firms to support some form 
of joint efforts to deal with these common 
needs. 

The development of intra-industry co- 
operative research programs has faced a dif- 
ferent array of deterrents. In large and rela- 
tively concentrated industries, managements 
have often been fearful that cooperating with 
competitors even on pre-commercial techno- 
logical development projects might risk 
governmental penalties in the US—and such 
concerns have commonly been reinforced by 
corporate legal advisors. The absence of 
governmentally-approved and demonstrably 
effective centers with specialized personnel and 
superior facilities for conducting such develop- 


_ment programs on a continuing basis has also 
| discouraged more substantial and longer term 


efforts of this kind. 
Finally, it should be emphasized that the 
relative importance of the various short- 


| comings in innovational activities noted above, 


as well as the relative importance of the deter- 
rents to each category of innovational activi- 
ties, differs widely from industry to industry. 
Hence, effective remedial efforts would have to 
be designed to accord with such dissimilarities 
in needs, pressures and potential costs and 
benefits—over and beyond certain common 
deterrents. 


SUGGESTED APPROACHES TO 
CORRECTIVE POLICIES 
BY GOVERNMENT 


Basic needs and the role of government 

A strong case can be made for claiming that 
the nation’s economic growth, standards of 
living and international competitiveness will 
depend in the long run on continuing advances 
in the technological capabilities of its indus- 


tries. Because technological development 
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efforts in industry are controlled by manage- 
ment decisions, it is often proposed that the 
national government should not be involved in 
seeking to intensify such efforts. But such views 
seem to under-estimate the powerful influence 
of governmental action on managerial deci- 
sions. 

A number of the government’s tax, regula- 
tory and trade policies have tended to discour- 
age industrial commitments to major innova- 
tional programs by reducing their prospective 
profitability. In addition, the normal incentives 
for undertaking long run, risky programs in the 
hope of achieving important technological 
advances have been blunted by the apparent 
inadequacy of governmental efforts to control 
inflation, to maintain expectations of vigorous 
economic growth and even to minimize the 
risk of substantial imminent recessions. Con- 
sideration should also be given to the effects of 
shortcomings in governmental contributions to 
developing the pre-commercial structure of 
science and technology, which is a national 
resource rather than a privately appropriable 
asset. 

Specifically, a comprehensive national effort 
to strengthen the technological capabilities of 
domestic industry should be focussed on two 
channels of improvement: reducing the techno- 
logical advantages of foreign competitors by 
more rapid and fuller domestic adoption of 
available superior technologies; and seeking to 
generate significant technological advantages 
over foreign competitors through heavier com- 
mitments to long term research and develop- 
ment programs promising major advances. 
Measures seeking to encourage such undertak- 
ings should be designed to meet the following 
needs; 


a. increasing the financial attractiveness of 
innovational efforts by individual firms; 


. increasing the array of promising innova- 
tional opportunities; 


. facilitating the testing of essentially large 
scale technologies through helping to 
finance very costly demonstration plants; 
and 

. encouraging needed increases in basic 
research and the entry of more scientists and 
engineers into the industrial sectors which 
have been relatively neglected in the past. 
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Increasing the financial attractiveness of innova- 
tional efforts 

In competition with non-technological alter- 
natives, managerial allocations for technologi- 
cal innovations seem to have been consistently 
inadequate in many industries during recent 
years of favorable as well as unfavorable profit 
rates. Accordingly, increased commitments to 
such undertakings are unlikely unless manager- 
ial perception of their prospective financial re- 
wards are substantially enhanced. Five sugges- 
tions for doing so follow. 

First, in order to help offset the discouraging 
effects of current high discount rates on calcu- 
lations of the net present value of projects 
offering only long-deferred profits, consider- 
ation might be given to some means of adjust- 
ing tax rates on such eventual earnings so as to 
embody a ‘reverse discount rate’. Thus, the 
profits from recognizedly major innovational 
projects might be taxed at rates which are pro- 
gressively lower in proportion to increases in 
the investment-weighted average time elapsing 
between project initiation and the realization 
of reasonable net profits. Only through some 
such overt and financially significant incentives 
could managements be helped to justify 
increasing the ratio of longer term to shorter 
term resource allocations. 

Second, in order to decrease the net ad- 
ditional investments that might be required to 
support needed innevational activities, one 
approach would be to permit depreciation to 
begin as soon as the construction of relevant 
facilities is initiated instead of awaiting their 
completion. This would be especially signifi- 
cant in the case of building projects taking 
more than 4 or 5 years to complete. Another 
means would be to allow sharply accelerated 
depreciation in such investments in order to 
minimize the risks of early obsolescence 
through intensified technological competition. 
Also helpful would be an option to defer some 
portion of currently due tax payments if they 
are allocated to needed kinds of innovational 
activities—carrying such tax liabilities forward 
for perhaps 5 years (at nominal interest rates), 
when resulting innovational benefits might be 
expected to emerge. 

Third, in order to increase the availability of 
additional investment funds for needed innova- 
tional undertakings, and in order to reduce 
their costs, a government agency might be 
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established which would encourage invest- 
ments in innovational technologies by means 
similar to those used in the US by the Export- 
Import Bank to encourage foreign trade. Im- 
portant as the latter objective undoubtedly is, 
its national welfare potentials surely fall far 
short of those offered by accelerating the tech- 
nological competitiveness of industry. Indeed, 
fostering such progress would also offer a 
powerful means of improving export potentials. 
Accordingly, such an agency might not only 
provide loans on favorable terms, but it might 
also provide some form of partial insurance to 
help reduce attendant risks—as is already pro- 
vided in connection with certain export loans. 

Fourth, in order to further encourage major 
innovational undertakings, means should also 
be considered for reducing certain associated 
risks other than those which were noted above. 
One of the most important of these is the far 
from uncommon experience of trade union 
reactions which tend to reduce and even elim- 
inate the expected cost savings from techno- 
logical advances, either through resisting 
reductions in employment levels or through 
necessitating increases in wage rates which off- 
set any such reductions. It would obviously be 
undesirable for the government to become 
regularly involved in individual labor—manage- 
ment negotiations about the absorption of im- 
provements in productivity and technology. 
But there is great need for developing national 
policies to help minimize labor resistance to 
the substantial flow of technological innova- 
tions which will have to be absorbed without 
undue delay in order to revive or maintain the 
competitiveness of a wide array of industries. 
This may involve spreading resulting burdens 
beyond those directly impacted and also 
beyond the period of immediate adjustments in 
industrial operations. But either or both of 
these approaches would probably be preferable 
from the standpoint of national welfare than 
the increasing and irreversible hardships cer- 
tain to result from obstructing advances 
necessary to keep pace with competitors. 

The government could also help to reduce 
the risk to innovational undertakings attribu- 
table to imports subsidized by foreign govern- 
ments, as well as to restrictions by such 
governments on competitive imports from 
abroad. Such efforts should not discriminate 
against foreign goods on the basis of lower 
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wage rates. On the contrary, one of the objec- 
tives of improving domestic technology is to 
raise productivity levels so as to permit higher 
wage rates without undermining labor cost 
competitiveness. But recent years have pro- 
vided ample evidence of the fact that subsi- 
dized exports can only engender retaliatory re- 
strictions or subsidies without increasing the 
incentives to the more efficient allocation and 
utilization of resources. 

Fifth, consideration also needs to be given to 
the means of increasing investor awareness and 
support of longer term managerial commit- 
ments to advancing technological capabilities. 
One of the most direct measures, of course, 
would be to adjust the capital gains tax so as 
to increase substantially the incentives for 
undertaking long term and risky innovational 
programs. Another might involve having the 
government require that public financial state- 
ments review not only past performance, but 
also current and continuing commitments to 
technological advances and other programs 
seeking to safeguard the future competitiveness 
of the firm. Such public records might help to 
ease prevailing pressures on managements to 
maximize current profitability by skimping on 
resource allocations unlikely to improve short 
term results—in addition to providing inves- 
tors with a broader view of company poten- 
tials. 


Increasing the. array of promising innovational 
opportunities 


In order to increase the array of reasonably 
attractive potentials for longer run intra-firm 
research and development undertakings, the 
government might provide active leadership in 
helping to organize and to support intra- 
industry programs to bridge the gap between 
available scientific and technological knowl- 
edge and the development of intermediate 
Stages of technology to a level within striking 
distance of commercial applicability. This 
would represent a belated extension to industry 
of the government’s enormous long-term con- 
tributions to developing the technological 
capabilities of American agriculture through 
the establishment of numerous research 
centers. The need is not only to expand the 
number of industries actively involved in such 
activities, but also to encourage a shift from 
occasional past reliance on intermittent pro- 
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jects scattered over a wide variety of problems 
and over a broad array of institutions in favor 
of larger continuing programs, each concen- 
trated in fewer institutions, which would thus 
be enabled to achieve more highly developed 
expertise through building and maintaining 
highly specialized staffs and facilities. 

For example, consideration might be given 
to establishing one or more centers of excel- 
lence in research and pre-commercial develop- 
ment for each of a wide array of industries— 
preferably in association with, if not an integral 
part of, universities. This would facilitate 
attracting excellent staff, it would provide 
ready access to a broad range of specialists in 
related fields, it would help to ensure concen- 
tration on pre-commercial technological objec- 
tives, and it would help to attract under- 
graduate and graduate students to the industry 
whose problems are one of the centers of inter- 
est on campus. It should also be emphasized 
in this connection that university-associated 
research centers are quite capable of carrying 
R&D efforts far beyond the bench-scale levels 
to which they have commonly been restricted. 
Indeed, given the suggested continuing and 
broader program support as well as relevant 
facilities, they might well become national 
centers for continuing exchanges among aca- 
demic and industrial specialists concerning the 
emerging problems and developments of the 
industrial sectors in which each such insti- 
tution specializes. All of the findings of such 
centers would presumably be available to all 
industrial participants. Each would also be 
free, however, to select any finding as the point 
of departure for its own separate development 
efforts in the hope of achieving a commercial 
success whose benefits accrue solely to itself. 

The role of government leadership becomes 
especially critical in developing such centers in 
industries dominated by relatively small firms 
as well as in developing such centers for con- 
centration on problems common to several 
industries. In the former case, the basic difficul- 
ties usually arise from the inadequacy of past 
experience with R&D, uncertainty or skepti- 





‘© For example, efforts to develop nuclear steel making 
in the US by utilizing the hot gases emerging from a high 
temperature gas reactor (HTGR) for the direct reduction of 
iron ore were terminated with the suspension of plans to 
construct the Gulf Atomics-Shell HTGR plant near Phila- 
delphia. 


cism about what it can accomplish, and 
stringently limited resources for helping to 
finance such pioneering. And additional diffi- 
culties may be encountered in identifying 
research foci of wide interest, and in defining 
the limits of pre-commercial development in 
view of the limited capabilities in many small 
firms for further technical development activi- 
ties. Accordingly, it might prove necessary in 
such cases to consider a more active role for 
government in helping to organize, manage 
and finance such centers during the first few 
years of their establishment. 


Facilitating the testing of large scale technolo- 
gies 

One of the serious new problems facing tech- 
nological progress in an increasing number of 
industries involves the testing of large scale 
technologies. This requires the construction of 
demonstration plants which are so costly as to 
discourage even large firms for assuming such 
heavy risks. Well-known illustrations include 
coal gasification and liquifaction plants, high 
speed land transportation systems, geothermal 
power, high temperature gas reactor and 
nuclear fusion plants, ocean mining, and new 
forms of telecommunication. Additional 
examples are also emerging in basic industries 
as efforts are made to seek competitive advan- 
tages through the potential economies of 
increasing scale.'° 

The basic problem posed is that such 
advances would improve the technological 
capabilities of the domestic industry, 
strengthen its competitiveness relative to 
foreign producers and yield benefits to domes- 
tic consumers. But large firms tend to be loath 
to join one another in financing such undertak- 
ings because, despite the high costs and risks 
involved, the participants cannot expect any 
competitive benefits relative to one another— 
and the basic feasibility of the increased scale is 
then likely to become readily apparent to non- 
participants as well. 

Urgent public pressures in the US have 
already led to governmental commitments to 
provide a major part of the funding required to 
build some large scale demonstration plants 
involved in providing needed fuels and energy 
from new sources. This raises the question 
whether government financial support should 
also be provided for demonstration projects in 
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other industries which promise important 
economic benefits to the country, but which 
are too costly and too risky to warrant full 
financing by a private firm, or even by a group 
of such firms. And the need to confront the 
issue is intensified by the fact that other 
governments have already provided such aid in 
industries competing with American producers, 
with attendant threats to employment and 
income in such industries. 

Such decisions would undoubtedly have to 
be considered case by case. But it is worth not- 
ing that the number of such cases is very likely 
to rise, and that instances of favorable re- 
sponses by the government are also likely to 
rise. 


Encouraging needed increases in basic research 
and the entry of scientists and engineers into 
hitherto neglected industrial sectors 


It should be apparent from the above that 
even existing basic research programs would 
need to be reinforced in order to support the 
wider and more intensive array of R&D efforts 
which has been proposed. In expanding sup- 
port for such programs, governmental objec- 
tives would center around generating more 
laboratory-level findings which might invite 
pre-commercial developmental efforts, and also 
helping to supply the larger numbers of scien- 
tists and engineers needed to man enlarged 
technology-improvement programs. Here 
again, it is hoped that governmental leadership 
would help to establish new aspiration levels in 
addition to encouraging comparably expanded 
contributions from industry. 

Consideration should also be given to 
encouraging the entry of scientists and engin- 
eers into hitherto neglected sectors of industry. 
Such past neglect may have been attributable 
to managerial complacency about existing pro- 
cesses and products, or to skepticism about the 
potential contributions of R&D, or simply to 
the inadequacy of resources for supporting 
needed pioneering efforts. Recent experiences 
with the revitalization of technological pro- 
gress in such long dormant industrial sectors as 
textiles, shoes, watches, office equipment and 
various types of machinery, however, suggests 
that impressive gains might be achieved in sub- 
stantial industries by encouraging the system- 
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atic re-examination of long prevailing tech- 
nologies in the light of recent advances in 
scientific knowledge. 


SUGGESTED APPROACHES BY 
OTHER INFLUENTIAL GROUPS 


A substantial acceleration of progress in the 
technological capabilities of domestic indus- 
tries, however, would also require additional 
contributions by managements, by trade 
unions and even by universities. 


Increasing the contributions of industrial man- 
agements 


The single most important stimulus to tech- 
nological progress in a firm is the degree and 
continuity of top management’s commitment 
to such objectives. Even if shifts in government 
policies should persuade managements to give 
greater weight to these goals, however, results 
would depend on the effectiveness of the means 
introduced for implementing them, as reflected 
by budget allocations, performance targets and 
criteria for determining rewards. In seeking to 
effectuate such modifications in operating 
objectives, special consideration might be given 
to some of the suggestions highlighted by past 
research concerning means of reinforcing such 
efforts as well as some of the key problems to 
be dealt with. 

In order to increase the technological capa- 
bilities of production facilities, Japanese experi- 
ence suggests increasing the ratio of engineers 
to labor and also setting periodic improvement 
targets for the engineers as well.'' It also seems 
important that technological improvement 
goals be defined in terms of physical measures 
and that performance be evaluated in these 
same terms instead of on the basis of cost 
effects. Shifting to the latter permits technologi- 
cal achievements to be offset by changes in 
factor prices and in market demand, thus mini- 
mizing recognition and incentives for engineer- 
ing contributions. Demonstration of deepening 
management commitments to improving tech- 
nological capabilities may also require decreas- 
ing the extent of past tolerance for wide differ- 
ences in such performance among the plants of 
multi-plant firms. Seemingly logical reasons are 
often accepted without penetrating tests, and 
persistent differences come to be accepted as 
somehow unchangeable—as indeed they tend 
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to become when prevailing performance levels 
have long been accepted by the plant manage- 
ment, their technical personnel and the labor 
force. Only powerful new pressures from top 
management implemented by close monitoring 
of results, and by their reflection in promotions 
and salaries, are likely to overcome such 
inertias. 

Of outstanding importance in this connec- 
tion is the need for management to develop 
more effective support from its work force for 
continuing improvements in_ technological 
capabilities. Headway has been made in many 
industries over the years through incentive 
payments, bonuses for suggestions to increase 
effectiveness, and even through threats of 
layoffs. But the tendency for labor to identify 
with management’s need for increased competi- 
tiveness is not widespread in US or other 
Western industries. Even more serious is the 
pervasive belief in the work force that labor 
interests conflict with those of management: 
that management seeks to reduce employment, 
decrease skills, hold down wage rates and mini- 
mize fringe benefits. There is, of course, ample 
basis for such adversary viewpoints. Neverthe- 
less, the chalienge remains—and it is one of the 
greatest threats to the survival of market 
economies—to increase evidences of manage- 
ment’s concern to minimize the adjustment 
hardships of its labor force. 

The Japanese have gained labor acceptance 
of innovations by providing long-term employ- 
ment guarantees, and by basing increases in 
wage rates on years of service to the company 
rather than on skill grades or seniority in par- 
ticular jobs [4]. These obviously cannot be 
transferred directly into our industrial system. 
But unless suitable alternatives can be devised, 
the potential benefits of technological advances 
are not likely to be realized. 

The more effective development of techno- 
logical capabilities may also require greater 
efforts to win the support of engineers and 
supervisors. They, too, may fear the threats im- 
plicit in adopting new and hence unfamiliar 
technologies with the possibility of associated 
shifts in organizational arrangements. Under- 
cover resistance from such sources is often es- 
pecially influential because of their involve- 





12 See a summary of such estimates in ‘The Silent Crisis 
in R & D’ Business Week, 8 March, 1976. 
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ment in evaluating and recommending possible 
innovations. 

Turning to the R&D component of increas- 
ing technological capabilities, the demon- 
stration of intensified managerial commitments 
would require larger budget allocations for 
longer term projects, safeguarding them from 
substantial budget adjustments from one year to 
the next, and avoiding demands for unreason- 
ably rapid achievements. Such longer-term 
guiding perspectives, too, may be more com- 
mon in Japan [4]. In the US, they have been 
undermined not only by the general pressures 
for maximizing short term performance, which 
were discussed earlier, but also by widespread 
disappointment with exaggerated estimates of 
R&D profitability’? by general under- 
estimation of the actual benefits of such pro- 
grams, and by continuing doubts about the 
effectiveness with which R&D resources are 
utilized [1]. 

Hence, in addition to earlier suggestions for 
increasing the prospective profitability of 
longer-term R&D projects, rebuilding mana- 
gerial support for such commitments may also 
require: 


a. the development of more _ effective 
approaches to evaluating the costs and mul- 
tiple short-term and longer-term benefits of 
R&D programs—to bolster confidence in 
the appraisal of such proposals; 


. More persuasive studies of the actual results 
of R&D programs in the specific industries 
where government is seeking to encourage 
increases in such undertakings; 


. analyses of the potential gains from reallo- 
cating R&D resources by narrowing the foci 
of in-house R&D while increasing reliance 
on licensing and contracting-out projects 
requiring types of expertise needed only 
intermittently; and 


. special studies in some industries of the 
potential costs and benefits of increases in 
the scale of production units, involving not 
only moderate extensions beyond known 
technological frontiers, but also exploring 
more far-reaching and more risky advances. 


Research findings dealing with R&D man- 
agement processes also warn of the dangers of 
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excessive reliance on ‘rational, quantitative’ 
estimates of probable pay-offs from major new 
developments during the consideration of such 
proposals and during the early stages of their 
exploration—for such estimates are likely to be 
dominated by subjective judgments reflecting 
biases either in favor of or against proceeding. 
Equally serious is the danger during later 
stages of development efforts of allowing an 
over-weighting of attractive market potentials 
to minimize recognition of the risks repre- 
sented by continuing technological short- 
comings [3, p. 15]. 


Increasing the contributions of trade unions 


Because democratic trade unions must be re- 
sponsive to their membership, it is especially 
difficult for their officials, who face periodic re- 
elections, to develop any co-operative relation- 
ships with management which may then be 
challenged by ‘rank and file’ extremists. It 
seems reasonably clear that minimizing long 
run reductions in employment levels and maxi- 
mizing long run wage rates and fringe benefits 
in industries subject to competition from im- 
ports or substitute products requires continu- 
ing advances in productivity and technology. 
But this tends to be much less self-evident in 
the short run, and short run considerations 
commonly overshadow long term implications 
in the course of periodic elections. 

As a result, trade union managements face as 
challenging a problem as company executives. 
As was suggested above, this will require cour- 
ageous efforts to explore with management 
how improvements in productivity and tech- 
nology can be harnessed so as to save jobs and 
improve earnings, while also minimizing 
accompanying hardships. Progress is more 
likely to take the form of a succession of 
limited agreements, of course, rather than of an 
all-embracing program. But each advance may 
be used both to join with management in seek- 
ing any governmental help that may be needed, 
and also to demonstrate to the majority of 
union members the superiority of such policies 
as compared with unrestrained opposition to 
all productivity and technological improve- 
ments. It is to be hoped that the higher educa- 
tional levels and generally improved living 
standards of the present labor force have 
enhanced the possibilities of gaining a sym- 
pathetic response to such constructive efforts. 
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However, trade unions, too, have to supple- 
ment agreements in principle with supporting 
actions. Thus, for example, there are current 
instances of national trade unions avowing ac- 
ceptance of all technological innovations, while 
some of their branches clearly restrict the im- 
plementation of available advances and thus 
inhibit managerial efforts to develop further 
advances. Blame for acquiescence in such re- 
sistance must be shared, of course, by local 
managements fearful of the effects of labor re- 
sistance on their plant’s performance. But co- 
operation between corporate managements 
and trade union officials is not likely to 
advance very far if it cannot cope with such 
early tests. 


Increasing the contributions of universities 


In considering possible means of increasing 
the contributions of universities to accelerating 
technological progress in industries, the most 
promising possibilities may well involve alter- 
ing conceptions of their role in such efforts. 
American universities have long emphasized a 
monopolizing commitment to ‘basic research’, 
conceived in their science divisions as limited 
to searching out new knowledge about funda- 
mental relationships in the physical and bio- 
logical sciences. Such a limited research pur- 
view has been reinforced by a tendency to 
devalue contributions by faculty members 
which can be characterized as ‘applied’ and by 
similarly restricting graduate student research 
efforts. As a result, industry support for univer- 
sity research has also been heavily concen- 
trated with these limiting confines. 

It is not at all clear, however, that such tra- 
ditional extremist concepts accord with the 
effective development of the universities’ teach- 
ing and research responsibilities. Both of these 
contributions could be substantially enhanced 
if universities expanded their research horizons 
to cover all stages of the research and develop- 
ment process short of commercialization. 
Much is to be learned at each successive stage, 
with new difficulties in later stages triggering 
deeper explorations of earlier stages. Moreover. 
the development of means of applying embryo- 
nic experimental findings and associated theor- 
etical speculations to the tests represented by 
real problems often represent challenges as 
intellectually demanding, and as potentially 
valuable to the understanding and control of 
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natural forces, as many kinds of ‘basic 
research’. And encompassing such a broad 
range of developmental stages would enable 
universities to develop a fuller array of relevant 
specialties; would enhance the capabilities of 
university staffs by exposing them to a wider 
array of interlocking experiences; and would 
facilitate the build-up and maintenance of an 
increasingly knowledgeable staff in selected 
fields. Each of these gains would obviously 
help to enrich the range of teaching and 
research experiences communicated to stu- 
dents. Fuller awareness of the problems 
involved in converting original laboratory-level 
findings into eventual commercial industrial 
processes might also lead to the development 
of more effective teaching and research pro- 
grams in the related fields of manufacturing 
technology and research management as well 
as the economics of technological change. 

No less important would be the prospect 
that university research centers thus committed 
to exploring a broader range of the problems 
underlying the determinants of increasing effi- 
ciency in various industries might well become 
the centers for continuing exchanges among 
industry and academic specialists. Resulting 
increased cooperation in identifying the factors 
limiting further technological advances, in eva- 
luating new research findings and in probing 
newly emerging needs might well bring about 
the mutual reinforcement which would benefit 
both as well as the national economy—as has 
already been demonstrated in some countries, 
especially in West Germany. 


CONCLUDING OBSERVATIONS 


Some suggested guiding principles 

The basic principle guiding all of the sugges- 
tions which have been made should be to ac- 
tively stimulate technological progress in all 
industries and firms—advanced as well as lag- 
ging, new as well as mature, and large as well 
as small—in the interests of strengthening the 
economy at large, instead of concentrating pri- 
marily on sectors already losing relative pos- 
ition. Hence, the major initial effort of the 
government should be to minimize deterrents 
to, and to increase incentives for, all invest- 
ments directed towards increasing the techno- 
logical capabilities of industries. 

A second principle should be to help redress 
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the current over-emphasis on short term per- 
formance, thereby bringing managerial objec- 
tives into closer alignment with the concomi- 
tant need to safeguard the longer-run needs of 
the nation. Such exhortations by the govern- 
ment, however, should be reinforced by its will- 
ingness to shift tax policies from maximizing 
current receipts to deferring a portion of such 
claims to later periods. In effect, this would 
demonstrate the government’s confidence in 
the value of such technology improvement 
efforts by demonstrating its own willingness to 
invest in them now for later returns. 

A third principle should be that accelerating 
the technological progress of industries 
requires that government reach beyond simply 
promoting effective competition in developing 
and utilizing commercially applicable advances 
in technology. In addition, it should also 
encourage and facilitate cooperation among 
firms, industries and universities in enriching 
the infrastructure of scientific and technologi- 
cal knowledge and personnel. This constitutes 
an increasingly important national resource as 
well as the seedbed of promising opportunities 
for private efforts to develop commercializable 
technological advances. 


Need for long term perspectives 


Recent inadequacies in advancing the tech- 
nological capabilities of US industries portend 
increasingly serious problems over an extended 
period. A number of industries have not only 
lagged behind foreign competitors, but are con- 
tinuing to fall still further behind. In part, this 
is due to the fact that existing facilities con- 
tinue to age and to resist effective adaptation 
to changes in product requirements as well as 
in the supply and prices of inputs. But such 
lags are also due to continuing advances in the 
technological capabilities of foreign producers 
seeking to expand their exports. Indeed, such 
efforts abroad are also tending to expand the 
array of US industries which may be overtaken 
by overseas competitors. 

Realistic efforts to deal with this problem 
must begin by recognizing that even if govern- 
mental and other measures to intensify innova- 
tional activities by domestic industries were in- 
stituted immediately, competitive benefits 
could be expected to emerge only gradually 
over a period of years. Merely to construct new 
facilities which embody the advanced technolo- 





Omega, Vol. 8, No. 5 


gies already in use abroad would take 4-8 
years in many manufacturing industries; yet 
this would serve merely to reduce rather than 
to overcome competitive disadvantages, both 
because such competitors are likely to achieve 
further improvements over these periods and 
also because the addition of some new facilities 
would still leave most domestic capacity at a 
competitive disadvantage. A sharp increase in 
long-term research and development projects 
seeking significant advances beyond current 
and already emerging technologies might 
reasonably be expected to yield some major 
successes. Past experience suggests, however, 
that attaining commercial applicability, con- 
structing facilities to use them, and achieving a 
significant competitive advantage in markets 
would be likely to take more than 10 years in 
most cases—even if foreigners were less suc- 
cessful in their concomitant development 
efforts. 

During such extended periods, industrial 
managers and government officials would have 
to be actively encouraged to allocate increasing 
resources to these innovational activities des- 
pite the continued deferment of rewards. Al- 
though industrial corporations are legally im- 
mortal, most executives and investors tend to 
have limited planning horizons within which 
they seek to maximize their performance and 
rewards. Senior corporate officers are often in 
command for only 5-8 year periods and hence 
tend not to favor undertakings which involve 
heavy burdens during their tenure, thus reflec- 
ting negatively on their performance, while 
deferring rewards to enhance the achievements 
of successors. Institutional investors and their 
advisees are usually prepared to shift their 
funds every few months in order to take advan- 
tage of even modest gains in stock prices and 
dividends, thus tending to intensify managerial 
emphasis on relatively short term results. Only 
in the case of family-controlled firms and of 
investors with continuing loyalties (or other 
sources of inertia) are long term prospects 
given significant weight in evaluating perform- 
ance. 

But the national interest has a heavy stake in 
maintaining high level performance beyond the 
limited time horizons of most executives and 
investors. Hence, it is essential for the govern- 
ment to devise an array of policies and imple- 
menting measures powerful enough to moti- 
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vate larger commitments to longer term and 
riskier efforts so as to advance the technologi- 
cal capabilities of a substantial array of domes- 
tic industries over successive decades at least as 
rapidly as other major nations. 


Need to evaluate claims of inherent or irremedi- 
able disadvantages 


Economic theory has long suggested that in- 
ternational trade patterns should be deter- 
mined by “the principle of comparative advan- 
tage”, whose optimal application would result 
in each nation producing that mix of outputs 
which would so utilize all of its resources as to 
maximize its contribution to the total output of 
all nations. Lacking the complex array of 
objective measures that would be required to 
meet this very demanding test, and despite the 
obvious nonconformance of trading relation- 
ships to the array of assumptions underlying 
this principle, many economists and public offi- 
cials have tended to accept existing trading 
patterns as rough but not unreasonable indica- 
tions of the loci of comparative advantages. 
Thus, they have been sympathetic to the view 
that increasing imports at prices below those of 
comparable domestic products means that the 
past comparative advantage of domestic pro- 
ducers in the affected industries has shifted to 
forefgn competitors. In turn, this has led some 
to the further conclusion that such domestic 
industries are already in the process of pro- 
gressive decline. 

As a matter of fact, however, virtually all 
empirical findings of comparative advantage 
represent no more than ex post rationalizations 
of past trade patterns, often reflecting market 
interventions rather than substantial differen- 
tials in efficiency and costs. Moreover, even the 
demonstrable comparative advantages prevail- 
ing in a given period have frequently been 
undermined and even reversed thereafter 
through determined efforts to advance technol- 
ogies, shift input requirements, alter transport 
costs and develop new markets. By way of 
illustration, one need only recall the recent 
movement of Japan to the forefront of the 
world steel industry despite its lack of all 
needed raw materials, its long distance from 
major markets as well as material inputs, and 
its original lack both of advanced technological 
knowledge and large modern facilities. Thus, 
the very identification of current comparative 
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disadvantages often represents the first step in 
developing means of overcoming them.'? 

Another widespread source of pessimism is 
the belief that cheap foreign labor ensures the 
progressive contraction of domestic manufac- 
turing industries. It is true, of course, that 
cheap labor tends to improve the competitive 
position of foreign producers, but only to the 
extent that their lower wage rates are not offset 
by higher labor requirements per unit of out- 
put and by lower product quality. But wage 
rates tend to rise more rapidly in industrializ- 
ing than in already industrialized countries. 
Moreover, direct wage costs account for only 
16-18°% of the total value of products of US 
manufacturing industries as a whole, varying 
from about 10 to about 30% for the major 
groups of industries. Thus, any advantages in 
foreign wage rates which are not offset by dif- 
ferences in labor requirements are likely to 
have only a modest effect on relative total unit 
costs in many industries. Increasingly, however, 
‘productive efficiency’ is being determined in 
manufacturing and extractive industries by the 
scale and modernity of productive facilities and 
of the technology embodied in them, as capital 
inputs are increasingly replacing labor inputs 
due to technological progress. Advancing tech- 
nological capabilities accordingly represent 
one—and probably the most important—of the 
means of minimizing and even overcoming the 
prospective disadvantages of many US indus- 
tries as a result of superior foreign natural 
resources or cheaper labor. 

It would be unrealistic, of course, to seek to 
achieve or maintain competitive superiority for 
all established domestic industries. Competitive 
capabilities are rising in many parts of the 
world, and some of these have already over- 
taken American producers while others are 
well on their way toward doing so. What is a 





'3 Tt is instructive to note that, in spite of such severe 
handicaps, the Japanese considered it quite feasible to 
undertake a program of development and expansion in the 
late 1950s designed to challenge the world leaders within 
15 years. In 1977, on the other hand, the Council on Wage 
and Price Stability in the US prepared a report on the 
domestic steel industry which concluded that neither 
modernization nor expansion would be economically 
justified—although the US steel industry has one of the 
best supplies of raw materials of any major steel-producing 
country, in addition to production facilities probably sur- 
passed only by Japan, the largest and richest market in the 
world, and technological expertise and labor skills equal or 
superior to any elsewhere. For fuller discussion, see Gold 
[2]. 
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more reasonable, and indeed critically impor- 
tant, objective is to prevent the undermining of 
still powerful private industries by unfairly sub- 
sidized foreign producers, or by unduly bur- 
densome domestic government policies. The 
private sector’s future would also be 


undermined by a continuing failure to recog- 
nize that government’s responsibility for devel- 
oping the social foundations of industrial pro- 
gress must now reach beyond improving edu- 
cational achievements to more fully enrich the 
nation’s resources of pre-commercial scientific 
and technological knowledge. 


Need to integrate industrial innovation policies 
with other national objectives 


Ample reasons have been presented for 
regarding the acceleration of advances in the 
technological capabilities of domestic indus- 
tries as of critical importance to the future wel- 
fare of the nation. But this certainly would not 
justify an overriding emphasis on maximizing 
such advances regardless of the effects of sup- 
porting commitments on progress towards a 
variety of other major national objectives. 

Efforts to stimulate industrial innovation in 
order to increase domestic economic growth 
and standards of living, as well as to strengthen 
the international competitive position of 
domestic industries, would tend to engender a 
succession of broadening effects. The most di- 
rect of these might not only improve product 
qualities and permit more competitive pricing, 
but might also increase capital requirements, 
reduce labor requirements per unit of output 
along with needed levels of skills, alter the 
types and quantities of needed material and 
energy inputs, and also introduce new kinds of 
pollution problems. In turn, such developments 
might affect the optimal scale of production 
units, the competitiveness of small versus large 
firms, and the need for conserving domestic 
natural resources and for imports to supple- 
ment those in short supply. Over time, the dif- 
fusion of resulting innovations might also affect 
regional economic development and transpor- 
tation requirements. 

In addition to such potentially important 
impacts on determinants of domestic economic 
and social welfare, strengthening the techno- 
logical competitiveness of domestic industries 
might also have quite serious effects on trading 
relationships with other nations and even on 
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the economic well-being and political stability 
of some. The United States has long been the 
largest and most affluent market in the world. 
Many nations in all stages of development 
have shaped their industrial production capa- 
bilities with a view to increasing, or maintain- 
ing, substantial exports to the US. As a result 
of such planning over a period of years, exports 
to the US have come to support significant 
sectors of employment in a number of coun- 
tries in addition to providing substantial pro- 
portions of their foreign exchange earnings. 
Any sudden curtailment of such important 
economic contributions might well undermine 
the stability of incumbent governments in addi- 
tion to harming the broader international poli- 
tical interests of the United States. 

Still another sector of national interests 
likely to be affected by efforts to accelerate the 
technological capabilities of existing domestic 
industries derives from the need to safeguard 
the future development prospects of the econ- 
omy. This requires the allocation of resources 
for purposes reaching beyond the conservation 
of available minerals and energy sources, the 
uncovering of additional reserves of such im- 
puts, and maintaining the economic viability of 
existing industries as long as possible. Alloca- 
tions must also be made for the development of 
technologies likely to serve as the basis for new 
industries, or for utilizing hitherto value-less 
natural resources, or for providing advances in 
military security, in health or in other social 
benefits. 

In short, there is an urgent need to develop a 
vigorous program for improving the pro- 
ductivity and technological capabilities of 
domestic industries. But the prospects for 
achieving its purposes will depend in large 
measure on the extent to which its objectives 
and implementing measures have been brought 
into reasonable conformity with other policies 
rooted in powerful domestic and international 
pressures. Past governmental actions influenc- 


ing industrial decisions have tended to emerge 
independently of one another in response to 
intermittent urgencies. It has become increas- 
ingly desirable, therefore, to identify the variety 
of policies and regulations affecting _re- 
invigoration of the international competitive- 
ness of domestic industries, to resolve conflicts 
among them, even to introduce modifications 
serving to increase their mutual reinforcement. 
Such efforts would help to lay the foundations 
for developing an integrated framework of 
national policies seeking to safeguard the 
maintenance of a powerful sector of private 
industries which compete effectively with 
increasingly numerous, efficient and aggressive 
foreign producers and which also provide 
major contributions to continued domestic 
economic growth and rising standards of 
living. 
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EDITORIAL 
Pitfalls Galore 


THE SOUL searching continues. Readers of the Operational Research 
(OR) literature in recent years will be aware of the increasing preoccu- 
pation of writers with the weaknesses of the profession as implied by 
the unsatisfactory rate of implementation of OR studies, or even by the 
type of problems that OR analysts address themselves to. Other mani- 
festations of failure include the relatively low status of OR in the 
organizational hierarchy, the lack of participation in the formulation 
of strategy, and the increasing competition from other groups cla- 
mouring to be heard [4]. 

A great deal has been written on the causes of this malaise and in 
the main these have been attributed to shortcomings in the practice of 
OR. One possible remedy is related to the proposition that OR is too 
narrowly based, so that instead of trying to tinker with its mechanisms, 
it would be better to adopt a brand new label in order to signify the 
wider horizons that analysts should be concerned with. This is how the 
title Management Science first came on the scene, then Systems Analy- 
sis, and Decision Sciences, while other candidates—such as Oper- 
ational Analysis and Operational Science—have appeared and were 
rather short-lived. But all these innovative titles have been, for most 
practitioners, no more than reincarnations of the same themes in new 
clothing, some may even regard them simply as revivals of the original 
concept of OR as the application of scientific methodology to the 
study and solution of managerial problems. 

But what the scientific approach is, what methods of analysis should 
predominate, and what problems should be tackled are all issues 
which still remain open to various interpretations. As the image and 
framework of any creed are determined by its disciples, it is perhaps 
natural for those who wish to rebel against prevailing doctrinal stric- 
tures to start afresh, with a new definition of aims and scope, and to 
emphasize the differences between the old and the new as a rationale 
for the new movement. 

As this supposedly new creed gains acclaim, adherents to its prede- 
cessor begin to migrate and to declare their allegiance to it, without 
necessarily abandoning their old beliefs. Thus, most theoreticians and 
practitioners have not changed much with the change of banner under 
which they find it convenient to march, and it is therefore not surpris- 
ing that the fine distinctions between the various titles begin to blur 
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with the passage of time. Even the arguments about definitions sound 
dated, and a space traveller—or an occasional visitor from another 
discipline—may be excused were he cynically to proclaim that he had 
heard it all before. 

I, too, have this feeling in relation to Systems Analysis. The proposi- 
tion that interactions between parameters in a given system have 
repercussions on the behaviour and performance of other parts of the 
system, and therefore that decision variables should not be viewed in 
isolation, is of course a perfectly valid one, and endless examples can 
be cited to support the conclusion that the system should be con- 
sidered as a whole. This recognition gave rise to the birth of Systems 
Analysis, though it would be erroneous to assert that the ‘old-style’ 
OR practitioners had been totally unaware of it, and an examination 
of the early OR literature lends support to the contrary view. But it 
would be proper to point out that, in spite of this awareness, OR 
analysts have tended to devote their efforts to studies in sub-optimiza- 
tion, either because of inclination or because of force of circumstance. 

Be that as it may, Systems Analysis has burst on our consciousness 
with fierce debates on the intrinsic validity of its basic philosophy (see, 
for example, [3]). At the same time it has been blessed with formal 
accreditation from various official bodies, as exemplified by the Inter- 
national Institute for Applied Systems Analysis in Austria, founded in 
1972 as a non-governmental research institution “devoted to gaining 
understanding and contributing to the resolution, through systems 
analysis, of the important problems facing mankind today”. In this 
case the emphasis is on macro-problems, such as those of energy, food 
supply, and the environment, whereas conventional OR—at least in 
the way it has been applied in business and industry—has tended to 
concentrate on the micro scene. 

This distinction does not seem to have affected in any substantive 
way the criticisms levelled at the modelling exercises that analysts 
engage in, and in fact the criticisms voiced recently in the field of 
Systems Analysis could equally be heard (and indeed they have been) 
in relation to OR. They have taken the form of attempts to identify the 
areas where the analysts can go wrong. A recent example is a paper by 
Mintzberg [9], who postulates that problem formulation by OR ana- 
lysts is largely to blame for subsequent difficulties or lack of implemen- 
tation, and in the field of Systems Analysis Majone published a paper 
entitled ‘Pitfalls of analysis and analysis of pitfalls’ [5], subsequently 
expanded to a volume consisting of ten contributions, edited by 
Majone and Quade [6]. The feeling of déja vu could not be stronger. 
All the words of caution, all the barbs, all the vilifications found in the 
OR literature are to be found here. One is tempted to reject such 
disquisitions with the dismissive observation that there is nothing new 
under the sun, but, judging from past experience that a change of title 
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has not led to change in substance and that analysis and modelling in 
practice are still wanting, it is timely (and indeed essential) that these 
matters should be aired yet again. I shall not attempt to cover here all 
the many problems that have been raised by the ten authors, nor even 
list those that appear to have been missed out, but it may be appro- 
priate if a few central issues are selected for further examination. 

The first is that old chestnut: ‘What is the problem?’ Majone argues 
that “the role of systems analysis in assisting choice is generally dis- 
cussed in a language that tends to obliterate the distinction between 
analysis and decision making. The same categories—objectives, alter- 
natives, prediction, control, optimization, and so on—are used in both 
cases, thus setting up a one-to-one correspondence between the stages 
of the decision process and the stages of the analytical process.” 
[6, p. 8]. But he raises three objections to this approach: (a) it confuses 
description (which is the preoccupation of analysis) with prescription 
(which is the concern of the decision maker); (b) decision making “is 
modeled on one particular mode of inquiry—normative prospective 
analysis” whereas other “equally legitimate uses of analysis—diagnosis, 
evaluation, and advocacy” are “not particularly relevant” in this con- 
text; (c) “what counts in the market are the ultimate characteristics of 
the goods and services offered for sale, not the process by which they 
are produced”, whereas the situation is almost reversed in the case of 
professional work. 

Majone’s three objections repeat the same point in three different 
ways, namely that decisions are judged by the product while analysis is 
judged by the process, and there is no denying that the pressures on 
the manager to make a decision cannot be equated with those on the 
analyst, who tends to be more cautious. As Medawar puts it in his 
discussion of one conception of science [7, p. 117]: “Science is above 
all else a critical and analytical activity; the scientist is pre-eminently a 
man who requires evidence before he delivers an opinion, and when it 
comes to evidence he is hard to please”. 

And therein lies the fundamental problem in our perception of the 
role of the analyst. If we regard him as a scientist, whose task is to 
weigh the evidence in the light of given assumptions before arriving at 
a conclusion, and whose responsibility terminates with a reasoned 
report and a set of recommendations, then indeed for him the process 
is all important. But if we see him as an extension of the decision 
maker, namely as one who should be prepared to back his recommen- 
dations by saying, “This is what J would do if I were faced with the 
need to make a choice and I am willing to take the corresponding 
responsibility for the consequences”, then he cannot have the luxury of 
perfecting his process, since the product must loom prominently in his 
mind. 

As for the manager, it would be wrong to conclude that he has no 
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need for, or that he does not engage in, the process. To paraphrase 
Medawar: the fact that decision makers do not practice a formal meth- 
odology is very poor evidence that no such methodology exists.’ It is 
possible to argue that every manageria! decision must be based on a 
hypothesis regarding the behaviour of the system and on expectations 
of outcomes, so that any act to implement that decision constitutes an 
experiment to test the hypothesis from which the decision stems. Thus, 
the decision maker cannot ignore the process, since a poor process will 
lead to a faulty product. Similarly, the analyst cannot ignore the 
product, since without it the process is superfluous. Hence, the extent 
to which the distinction between the two is valid is a matter of seman- 
tics, in that it merely reflects the degree of identification of the analyst 
with the decision maker. 

Majone proceeds in his opening chapter to list the numerous pitfalls 
that analysts should beware of: pitfalls in problem setting, pitfalls in 
data and information, pitfalls in tools and methods, pitfalls in evidence 
and arguments, pitfalls in conclusions, communication and implemen- 
tation [6, p.9]. And the other nine authors lugubriously echo his senti- 
ments in subsequent chapters. As the familiar arguments are unfolded, 
the reader must increasingly become aware of the central role that 
measurement plays in analysis and in decision making. And it is this 
problem of measurement that permeates the process: What is it that 
management is trying to achieve and what are the criteria by which 
attainment can be ascertained? How should the analyst measure the 
level of each resource available to management, and how can the 
resources be changed? What precisely is the meaning of each con- 
straint, and what is the penalty for violation? 

Numerous situations can be cited to highlight the ambiguity and 
bias that measurement schemes can engender, as the following well- 
known examples serve to remind us: 


(a) The economic health of a nation is often characterized by such 
measures as the balance of payments, the rate of change in the 
money supply, or the rate of inflation. Each of these is subject to a 
number of alternative definitions, and so is each of the constituent 
elements on which it is based. 


(b) Another measure of the state of the economy is the level of unem- 
ployment, which is closely associated with the number of those 
registered as seeking unemployment benefit. A disaggregation of 
this figure into separate categories of those who have been out of 
work for specified time periods might reveal how many are tempor- 
arily between jobs, how many are actively looking for work and 
how many are unemployable for various reasons. Furthermore, 


' He actually makes this statement about scientists [8, p. 9]. 
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there may be unemployed persons who do not bother to register, 
while some unemployed are moonlighting. Thus, the manner in 
which the statistics are compiled greatly affects the significance and 
meaning of the figures quoted. 


Crime statistics are a measure of the level of lawlessness in the 
society, and yet official statistics rely on crimes reported, which is a 
varying fraction of those committed. 


(d) A measure of output of training programmes is often based on the 
number enrolled, although this may not be a good indicator of the 
number completing the training satisfactorily and certainly not a 
measure of course content or usefulness. Similarly, the effectiveness 
of educational or health programmes is commonly referred to by 
the level of expenditure per pupil or patient, although this is clearly 
a measure of input but not of output. 


The adoption of a single measure of performance can often be 
misleading, as for example the stated managerial objective to in- 
crease sales, although this may result in a decline in profitability. 


The definition of capacity may alternatively be based on the maxi- 
mum output recorded in the past, on extrapolation from time 
measurement exercises, on the existing output of a competing 
plant, or on the technical specifications stated by the designer. 


Each of these methods may yield different answers. 


But perhaps the most popular fallacy is the blind belief that costs 
are both objective and simple, whereas in reality they are not. Bickner 
warns us [6, pp 58-59] that “costs are consequences of decisions” (or, 
indeed, of non-decisions), and: “The experienced cost analyst will be 
aware that (a) there will often be monetary expenditures relating to a 
decision or plan; (b) there will usually be other costs that might be 
readily measurable in monetary units; (c) there will often be other 
costs that might be quantifiable in some way, though not in monetary 
units; and (d) there may yet remain costs that resist quantification in 
any trustworthy way”. Even in the more straightforward categories (a) 
and (b) there may be different views as to which cost items pertain to 
the case in question, and should therefore be included, and which 
items should be left out. Take three cost analysts and ask them to 
compute independently the cost of an operation, or the consequences 
of a decision, or a non-decision, and you are likely to get three differ- 
ent answers. 

The reason for this phenomenon is not only that people will follow 
different conventions and that a certain amount of arbitrariness in the 
classification of cost items is inevitable, but also that measurement 
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cannot be entirely divorced from the purpose for which it is intended. 
Cost, according to one dictionary definition, is “broadly, the measure 
of what has to be given up in order to achieve something” [2], but 
costs are incurred not just in the acquisition of resources and mainten- 
ance of facilities, but also when what is achieved is well below expecta- 
tion, or when nothing is achieved at all. Thus, even with the most 
conscientious attention to detail, definitions of what is meant by differ- 
ent types of costs—fixed, variable, sunk, marginal, incremental, aver- 
age, opportunity, real, attributable, discretionary, nominal, notional, 
full, discounted, written-down, depreciated, historical, current, projec- 
ted—are bound, in practice, to be subject to various interpretations. 
Alas, the analyst must often rely on a given data base, with all its 
possible shortcomings. The implied remedy that he should distrust 
everything he is presented with and start from scratch to build his own 
data base is patently untenable in most circumstances, and the analyst 
who insists on doing so may find that by the time he is good and ready 
to start the analysis proper, the problem has long disappeared. 

Majone is right in warning analysts to beware of the search for 
super-accuracy of data, and to ensure that mathematical models do 
not dictate the way in which problems are formulated. “Reliance on 
mathematical modeling and other analytic techniques is not a guaran- 
tee that an argument is ‘in proper form’. A mathematical style of 
presentation is not incompatible with a black box approach, and may 
even encourage it. No amount of technical virtuosity can compensate 
for carelessness in drawing the necessary distinctions between assump- 
tions, data, facts, evidence, and conclusions, or for a lack of sophistica- 
tion in understanding their respective roles in the overall economy of 
an argument” [6, p. 18]. 

And yet in the very same volume we have an example of how the 
logic of an objective can be so convincingly reinterpreted as to make it 
compatible with a standard problem formulation. In his discussion of 
optimization methods, Beale suggests [6, pp 76-77] that “the ratio of 
two variable quantities is rarely, if ever, a good way to express an 
objective function” and that in the case of a portfolio of investments 
the maximization of the “ratio of net revenue to capital employed can 
lead to the omission of useful investments because this omission 
reduces the denominator by a more significant amount than the 
numerator. It is nearly always better to ask the client to specify the 
value of capital, or whatever is measured by the denominator, possibly 
as a function of the amount of capital used. One can then maximize 
the difference between the value of the net revenue, or whatever is 
measured by the numerator of the original ratio, and the cost of the 
resource measured by the denominator.” This is clearly an ingenious 
device to simplify the objective function, but the outcome will very 
much depend on how the cost is determined, and on whether it is 
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already included in defining the net revenue or not; the result will 
generally not be the same as that of maximizing the ratio.” Perhaps the 
approach advocated here further echoes an earlier statement by Beale 
that “realism in a mathematical model is not a primary requirement, 
and the test must be whether the features are really important to the 
decision that the model is being used to study” [6, p.76]. But as 
Quade reminds us, “a model is a means to an end, not an end in itself” 
[6, p. 31], so that realism in the definition of objectives cannot be set 
aside on grounds of convenience. Taken further, realism demands that 
we acknowledge what actually occurs in the management process: 
satisficing not maximizing, advancing incrementally, [6, p. 93], confus- 
ing goals with constraints, refusing to assign tradeoffs between objec- 
tives. An understanding of the elements of this process can greatly help 
the analyst determine what he can do to influence the objectives, what 
courses of action are likely to result in substantial payoffs (according 
to some agreed criteria), and what exercises would lead only to margi- 
nal improvements with ever diminishing returns. 

What we can definitely do without is the convoluted jargon that 
keeps invading the literature and which cannot do systems analysis 
much good. Hatry devotes his chapter to pitfalls in evaluation and 
proceeds to list no less than 18 pitfalls, some of which are straight- 
forward and understandable enough. But consider Pitfall No. 1: “Not 
doing an assessment of the potential utility and availability of evalu- 
ation candidates to assure that it is likely that the program can be 
evaluated in sufficient time for the evaluation findings to be useful and 
within available resources” [6, p. 161]. After reading it three times | 
think I know what the author means; but I am not sure, nor is it clear 
what the manager is to make of it. Perhaps the author should have 
taken a leaf from his own book, when he pleaded under Pitfall No. 
18 that one “should be clear, concise, and intelligible” [6, p. 175], lest 
another be propounded: “beware of the pitfalls guide”. 

Time and time again we are warned against bias. It is obvious that 
bias can take several forms and that we expect the analyst to examine 
the evidence in a dispassionate and professional manner. The scientist 
is often cited as the example to follow, and science is visualized as an 
uncontaminated search process that culminates in the ultimate truth 
being unearthed. But is it possible to be unbiased? This is what 
Medawar has to say on this matter [8, pp. 27-28]: 


“No one can seriously believe that the mind is a clear slate upon which the senses 
inscribe their record of the world around us: that we take delivery of the evidence of 
the senses as we take delivery of the post. ‘Everything that reaches consciousness is 


? If the cost of the resource is zero, the proposed objective function reduces to maximizing net 
revenue, so that all the profitable projects in the portfolio will be selected; if the cost is extremely 
high, then hardly any projects will be selected. If the ratio is maximized, only the project with the 
highest individual ratio will be selected, since addition of any of the others will dilute the overall 
ratio. 
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utterly and completely adjusted, simplified, schematized, interpreted’, said Nietzsche, in 
one of his exhilarating outbursts of common sense. Innocent, unbiased observation is a 
myth.” 


In a similar vein it must be reiterated that it is naive to regard model 
building as an exercise detached from the objectives of the study and 
from the use to which the model is likely to be put. I heard the other 
day of a proposal to build a model of the national economy, to com- 
bine the best features of input-output matrices, macro-econometric 
principles and industrial dynamics, so that a comprehensive all-singing 
all-dancing model would then become available for all potential users: 
Governmental agencies could plug in their scenarios for regulatory 
actions to predict their possible effect; industrialists could use it to 
forecast trends of various industrial sectors; the unions could feed in 
their own inputs to determine their bargaining posture; and so on. The 
basic idea of such a concept is to regard the model as a calculating 
machine, one that consists of various modules and circuits, the logic of 
which is assumed to be indisputable. The advantage of the proposal, so 
it is claimed, would be to dispense with the need for each user to build 
his own machine, and thereby, save a great deal of much duplicated 
effort. 

But a sophisticated model for a complex problem is not like a 
calculating machine, for the reason already mentioned, namely that it 
cannot be divorced from its intended use. That means that the system 
of values and beliefs of the analyst, influenced as it must be by that of 
the decision maker and by the people likely to be affected by the 
outcome, is a germinal ingredient in the process, as indeed it is in the 


case of many other professionals. It would be dishonest to deny that it 
exists. 
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The Arab oil embargo in 1973 and the subsequent price rises and production restrictions have given 
birth to a distinct branch within Management Science: energy modelling. This paper gives a critical 
and selective review on energy modelling, an industry which though thriving in an era of general 
economic anxiety, is showing signs of arrogant immaturity. After giving a historical background, the 
paper classifies energy models into three groups: open loop demand or supply models; energy closed 
loop models; energy-economy closed loop models. For each group the problem area is analysed and 
some illustrative examples are described. In the last sections, an attempt is made to sum up the 
experience that has been gained with energy modelling: the basic deficiencies, the impact of this 
activity on policy formulation and its position within Management Science. It is concluded that 
energy models, though very poor forecasting devices, can be very useful to policy makers as tools for 
analysis; energy model developers must convince potential model users and for that purpose they can 
benefit immensely from the 35-year-long experience accumulated by their colleagues in Manage- 
ment Science. 


INTRODUCTION ment and fathered what one could call either a 
new discipline or at least a new branch of an 
existing discipline viz. energy modelling. 
Energy modelling—the art of formulating 
models, directly or indirectly associated with 
the decision making process, which focus on 
energy aS an economic resource—is not a new 
activity. People were certainly building energy 
models, without perhaps naming them as such, 
before 1973; as LV Kantarovich was building 
his transportation models in 1939, 7 years 
before linear programming was entered in the 
official birth registry. However it was only after 
the quadrupling of oil prices, that energy 
modelling achieved such spectacular growth 
that today it can be characterized as a thriv- 
ing—though perhaps immature—industry?. 


IT 1s A broadly accepted truth that crises in the 
history of mankind are accompanied by con- 
siderable progress in knowledge, which in turn 
give birth to advances in science and tech- 
nology. Management science was born during 
World War II and was established as a disci- 
pline after the war. It seems that the Korean 
war gave a further push to the implementation 
of operations research techniques in industry, 
particularly in the United States. 

The Arab oil embargo of 1973 and the sub- 
sequent events, though not perhaps a crisis of 
the dimensions of World War II, were a turn- 
ing point in the history of economic develop- 





' This paper is a revised version of a Research Seminar 
presented by the author to the Department of Manage- 
ment Science, Imperial College of Science & Technology, 
20 February 1980. 

? Rivett characterized energy modelling as a cottage 
industry, [21]. Even if this was true at that time, which is 
doubtful, it does not seem to represent the real situation in 


HISTORICAL BACKGROUND 


Energy demand analysis and forecasting was 
one of the major themes in energy modelling 


1980, when energy modelling has gained the status of a full 
industry. 


(EM) before 1973. Energy forecasting exercises 
are reported that go back as far as 1866 [21]. 





610 Samouilidis—Energy Modelling 


Energy demand forecasting, in the 1950s and 
1960s, was mainly intended to support invest- 
ment decisions related to new capacity 
build-up or expansion of existing capacity. 
Thus a great number of studies, initiated by the 
US car industry, tried to establish forecasts for 
petrol. But the great bulk of the relevant work 
refers to electricity forecasting. The big invest- 
ment required for power generation and the 
relatively long lead time between the decision 
point and the commission of a power plant, 
varying from 5 to 15 years®, have initiated a lot 
of important work on the subject. On the other 
hand, the peculiarities of the pricing system in 
the electricity market, e.g. peak load pricing, 
have always attracted econometricians. Thus 
the subject gave the chance for interesting 
breakthroughs in econometric analysis. A very 
comprehensive literature survey and critical 
review on electricity demand analysis is given 
by Taylor [23]. 

The other major theme in this early period 
of EM was that of investment analysis. Optimiz- 
ation models and particularly linear program- 
ming, were used to determine the optimal 
investment strategies mainly for electric utili- 
ties. Pioneering work in this field, though not 
mentioned in many of the Anglo-American 
surveys, was done in France in the early 1950s. 
Elaborated in Electricité de France, the Modele 
des Trois Plans [2] focused on the supply side 
of the electricity market. The model deter- 
mined the optimal mix of electricity generating 
technologies, over a long term planning hori- 
zon so that exogenously driven electrical 
energy demands are satisfied at a minimum 
cost. The cost function represented discounted 
costs for capital investment and expenses for 
fuel, maintenance and operation over the plan- 
ning horizon. 

Large linear programming models were also 
used quite extensively by major oil companies 
to determine optimal schedules for their global 
operations, including production of crude oil, 
transportation of crude oil from the wells to 
the refineries, refinery operations and distribu- 
tion of oil products to the markets. 





* This lead time has grown longer in the seventies, not 
for technological reasons, but mainly because of environ- 
mental and related considerations; thus there are long 
delays, particularly in industrial countries, due to the fact 
that such investments are not readily acceptable by the 
community. 


There are certain features characteristic of 
the EM effort in that period. First of all energy 
commodities were treated in isolation. Each 
energy form had almost its own market; the 
question of substitution among energy carriers 
arose only in special cases. Thus there existed 
separate models for specific fuels, called sec- 
toral or industry market models in the classifi- 
cation used by Hoffman and Wood [11]. 

The next very important feature is that 
energy models reflected a stable energy pattern 
within a stable economic environment. There 
were certainly changes in the world of energy 
but these changes, mere extrapolations of past 
trends, were the result of a constant economic 
growth accompanied by a regular technologi- 
cal progress. Thus prices of energy, remaining 
constant in nominal terms, followed a constant 
rate of decrease in real terms, in the period 
1950 to 1970. Energy, in all forms, being cheap 
in the beginning, continued to be more so, a 
fact which tended to make it a completely in- 
elastic economic good. Energy demand, 
coupled with a constant coefficient of elasticity 
to economic growth, followed the upward 
trend of this latter and increased with an 
annual rate which could be as high as 1.6 times 
the rate of economic growth. Thus standard 
econometric techniques could be used to esti- 
mate coefficients in demand functions relating 
the demand to prices, income and other 
determining factors and both time series and 
cross section data could be used. It could be 
assumed that elasticity coefficients prevailing in 
the past could continue to have the same con- 
stant value in the future. 

But with the beginning of the 1970s things 
started to change. The long period of uninter- 
rupted growth, which started in the early 1950s 
came to a halt. And it was not only growth 
rates that became lower or, in some cases non- 
existent; long established trends have reversed; 
discontinuities have become the rule; erratic 
patterns and unpredictability are now the main 
characteristics of this new era. It is in these 
circumstances, that energy modelling made its 
explosive appearance in the scene of manage- 
ment science. 

Before proceeding to an attempt to classify 
energy models, it would be useful to get an idea 
of the type of decisions that are involved in the 
energy system, and the exogenous factors 
influencing these decisions. Figure 1 presents 
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Fic. 1. Decisions in the energy system and exogenous factors 


some of these decisions, grouped into energy 
consumers, energy producers and energy mar- 
ket decisions. 


A TAXONOMY OF ENERGY MODELS 


There are indeed many ways that one could 
use to classify energy models; there may be 
more classifications than models. Energy 
models differ in the policy decisions they are 
supposed to support (e.g. pricing policy, tech- 
nology assessment), their planning horizon 
(short, medium or long term models), their 
character (normative or descriptive), their 


methodology and techniques (e.g. optimization, 
econometrics, simulation, input-output), their 
geographical scope (regional, national, area or 
global) etc. 

In this paper we shall rather use a technical 
criterion to classify energy models and this will 
be their systems boundaries. We shall dis- 
tinguish three types of energy models, as illus- 
trated by Fig. 2: 

Open loop energy models. These cover either 
one of the subsystems that constitute the 
energy system; i.e. the demand subsystem or 
the supply subsystem. 

Energy closed loop models. These describe 
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Fic. 2. A taxonomy of energy models. 


both demand and supply, within the energy 
sector, as interacting subsystems. 

Energy-economy closed loop models. They 
view energy as a subsystem of and interacting 
with, the economy. 


This classification can be applied either to 
sectoral models, i.e. covering a specific energy 
commodity or to energy-wide models, i.e. view- 
ing all energy forms as competing interchang- 
able parts of an aggregate, which is energy per 
se. Though most of the work done after 1973 
viewed all energy commodities as substitutes 
for the same economic need for energy, there 
are some interesting sectoral models to which 
reference will be made in the following 
sections. 

The hierarchical structure of the above 
classification of energy models is reflected in 
the elements of energy policy that each group 
of models is supposed to support. Table 1 gives 
the correspondence between groups of models 
and elements of energy policy; the correspond- 
ing methodologies are also indicated. 

Energy demand models use either an econo- 


metric approach or an engineering analysis 
approach. Their purpose is to assess the impact 
of such policy decisions as pricing of energy 
forms, taxation, incentives for energy conserva- 
tion etc. 

Energy supply models use either an econo- 
metric methodology to analyse the behavioural 
patterns of producers and the impact of pricing 
policy on the level of production; or a linear 
programming approach to analyse decisions 
related to the structure and operation of the 
energy system. 

The energy closed loop models are, in econ- 
omists’ terms, partial equilibrium models relat- 
ing supply and demand within the energy 
sector. They are based on a mixture of tech- 
niques including mathematical programming, 
simulation, systems dynamics and econo- 
metrics. The policy issue they are aiming at is 
again the structure and operation of the energy 
system; in particular decisions related to the 
introduction or the advancement of new tech- 
nologies, the appropriate energy mix etc. are 
analysed. 

The energy-economy closed loop models or 
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TABLE 1. ENERGY MODELS IN RELATION TO METHODOLOGY AND POLICY ISSUES 





Energy models-classified 
according with a systems 
boundaries criterion. 


Methodology 


Policy issue 





1 Open loop demand 
models 

2 Open loop supply 
models 


Econometrics; 
Process analysis. 
Econometrics; 


Process analysis. 
Energy closed 
loop models 

programming, 


Linear programming; 


Partial equilibrium 
approach; Mathematical 


Pricing; Taxation; Energy 
conservation; Consumption patterns. 
Behavioural patterns of producers; 
Structure of the energy system; 

New technologies. 

Structure of the energy system; 

New technologies. 


dynamics, simulation, 


econometrics. 
Energy-economy 
closed loop models 


General equilibrium 
approach; Mathematical 


Structure of the economic and 
energy systems. 


programming, dynamics, 
simulation, macroeconomic 
models, input-output, 


engineering analysis 





general equilibrium models, are usually huge 
powerful models or rather sets of models, 
including almost every available analytical 
technique in the area of Management Science, 
Economics and Engineering: mathematical 
programming including dynamic program- 
ming, simulation, optimal control, input—out- 


put, macroeconomic models, econometrics, 
process analysis and so on. Global models as 
they are, are aiming at policy issues of the 
highest hierarchical level: the structure of the 
economy in relation to. energy as viewed 
through environmental, social and political 
considerations. 

In relation to Table | it must be pointed out 
that the broader models can also support deci- 
sions of the lower level; thus energy-economy 
models can be and have actually been, used to 
access the impact of energy conservation 
measures. The converse is not of course valid. 

In the following three sections of this paper, 
we shall concentrate on these types of models 
within the above taxonomy, that present the 
greatest interest to management scientists: open 
loop supply models using LP; energy closed 
loop models; energy-economy closed loop 
models. These models are not only interesting 
for methodological reasons, but also because 
they offer quite a wide range of implementation 
possibilities, giving answers to a great variety 
of policy questions. In addition, they cover the 
area where most of the recent work on energy 
modelling falls. 


O.M.E. 8/6—B 


OPEN LOOP MODELS 


Linear programming plays the same role in 
energy modelling that it has in other areas of 
Management Science: that of the main actor. 
Its use in energy modelling after 1973 is a con- 
tinuation of its implementation in the area of 
electricity or oil in the 1950s and 1960s, to 
which reference has already been made. 

The statement of the basic problem is very 
simple: Energy needs of the economy must be 
satisfied by an optimal mix of energy supplying 
activities. 

If we try to analyse this problem we shall 
find that, despite its simple statement, it is of a 
paramount complexity. 

The energy needs of the economy are always 
indirect needs, in the sense that they are 
created through demand for goods or services 
—including comfort—to which energy is a 
necessary input. We need to heat our homes, to 
go to a distant place; but we also need goods, 
for example food, which require energy for 
their production. The amount of useful energy 
—see Fig. 3—we need depends on the level of 
income, the cost that we have to pay for the 
satisfaction of this need and our social and 
cultural background. 

Useful energy is generated through conver- 
sion of the final energy forms by the utilising 
devices. Electricity and oil products are usual 
final energy forms. The amount of final energy 
form required for a given quantity of useful 
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Fic. 3. Simplified energy flow diagram. 


energy is a function of the conversion factor of 
the utilizing device, which is again part of the 
existing technologies. In addition some of the 
end uses can be satisfied, under the existing 
technology, by only one form of final energy: 
lighting can be only satisfied by electricity or 
air transport by oil products. But other end 
uses can be satisfied by alternative final energy 
forms: e.g. water heating by solar energy, 
natural gas, electricity, coal or diesel oil. So 
there is a problem here of substitution among 
final energy forms and of determining the mix 
of fuels that will cover all the end uses. Prices 
of alternative fuels, as well as the cost and the 
efficiency of the utilizing devices are factors 
that come into play, not to omit cultural atti- 
tudes related also to comfort considerations. 

Final energy forms have to be transported 
and distributed to energy users, through a 
system consisting of distribution centers and 
distribution carriers. All problems familiar to 
distribution analysis are present at this stage: 
location and capacity problems, routing prob- 
lems to mention only a few. Intermediary 
energy, such as electrical energy, has to be pro- 
duced in installations which will convert 
primary energy forms—coal, oil, nuclear 
energy, hydroenergy, natural gas—into it. Here 
again we have problems of optimal mix, of ca- 
pacity size and location, of capacity utilization. 
Oil products are another form of intermediary 
energy, to which the various types of crude oil 
are converted through a series of processes tak- 
ing place in a refinery. Here again the same set 
of problems is faced. 

Primary energy carriers have to be explored, 
extracted, processed and transported; oper- 
ations that create another set of problems. It is 
thus very clear that all components of a linear 
programming model are present. 


In its simplest form the problem is one of 
transportation. Energy end uses expressed in 
useful energy are the destinations. Primary 
energy sources are the sources. Energy flows 
must be determined that minimize the total 
conversion-transportation—distribution cost. 

In a more complex form the model is a multi- 
period linear programme covering a planning 
horizon extending up to 50 years. Table 2 cor- 
relates the usual components of a linear pro- 
gramming model with the elements of an 
energy system. 

A great number of LP models has been built 
in the last 5 years. They have similarities, illus- 
trated in Table 5 and some distinctive charac- 
teristics. The most important of these are: 


The modelling of the demand side: there are 
two distinct ways: one of using useful energy 
for each group of users: e.g. space heating by 
residential users. The other consists of using 
final energy forms for each group of con- 
sumers: e.g. electricity for residential users. 

The degree of detail: the question of detail 
arises in modelling every aspect of the energy 
system: the variety of electricity generating 
technologies to be considered; the number of 
final energy uses and the groups of users that 
will be included. 

The length of the planning horizon: all of 
these models are long-term models. The plan- 
ning horizon may vary from 10 or 15 years to 
60 years. Models that are built to assess the 
impact of new technologies are usually 
required to extend very far into the future. 

Relation to time: there exist static models 
that describe the behaviour of the energy sys- 
tem in a given year. There also exist dynamic 
or multiperiod models that describe the evolu- 
tion of the systems structure. 
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TABLE 2. THE ENERGY SYSTEM ANALYSED INTO THE COMPONENTS OF A LINEAR PROGRAMMING 
MODEL 





LP component Description of the energy system element 





Activities 
Structural 
Operational 
Constraints 
Resource 
Capacity 
Technical 
Policy 
Demand 
Equilibrium 
Environmental 

3 Objectives function(s) 
Cost 
Energy 
Foreign exchange 
cost 
Self-sufficiency 


New capacity, expansion of existing capacity. 
Utilization of capacity; production, extraction, transportation etc. 


Limit the amount of utilized resources 

Limit the maximum utilization rate of capacity 
Limit the actual utilization rate of capacity 
State policy constraints, e.g. on imports 
Energy needs must be satisfied 

Energy inflows equal energy outflows 

Limit emissions of various types 


Total investment and operations cost to be minimized 
Total primary energy consumed to be minimized 
Value of imported energy to be minimized 


Imported energy, in physical quantities to be minimized 
Reliability of Weighted sum of imported fuels, in physical quantities, 


supply to be minimized. 
Exogenous inflows and outflows 
RHS Energy demands 


Reserves of resources 


Existing capacities in the energy system 


Technological (matrix) coefficients 
dy Conversion factors 
Energy efficiencies 


Built-up rates for energy technology 


6 Coefficients in the objective function(s) 


Cj Investment cost-energy production 
Operational cost-energy production 
Transportation, distribution cost 
Investment cost-energy utilization 
Operational cost-energy utilization 


Import prices 





There are particular problems related to 
each one of the above features. It is obvious, 
that only models that use the useful demand 
approach can tackle the problem of substitu- 
tion among final forms of energy, which is one 
of the major energy questions after 1973. How- 
ever, this approach requires data that is lacking 
or is indeed very poor: energy demand in each 
use, stock of utilizing devices, energy efficiency 
of utilizing devices, investment and operational 
cost of utilizing devices. This is why some 
modellers prefer to treat demand for final 
forms of energy, which of course limits the 
scope of their models. 

The degree of modelling detail can go very 
far. There exist models that include some thou- 
sands of activities and some thousands of con- 
straints. This is one of the great advantages of 
the LP models: huge models can be quite 
easily handled. It is through this attribute that 
the LP models try to compensate for their two 


great deficiencies: linearity and optimizing on 
the edge. 

Static models can go into great detail in the 
presentation of the energy system, which multi- 
period models cannot. On the other hand, it is 
only through these latter models that the evo- 
lution of the system structure can be analysed. 

For illustrative purposes, reference will be 
made to three national and one international 
LP models, among the some ten existing ones. 
The Brookhaven Energy System Optimization 
Model—BESOM [3] is a static model which 
describes the American energy system through 
a weighted distribution model. It is well known 
for giving a very detailed picture of the energy 
demand side, analysing all different energy 
uses. In the UK, a multi-period model has been 
developed by the National Coal Board focus- 
ing on Investment and Technology in the Energy 
Market—ITEM. [20]. In France they have 
also developed a multiperiod model, the 
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Energy Flow Optimization Model—EFOM [5], 
which at a later stage provided the basis of a 
European Community wide model. Finally at 
the International Institute of Applied Systems 
Analysis they have built a Model for Energy 
Supply Systems and their General Environment 
Impact—Message [9], which is a multi-period 
model covering all regions of the world. 


ENERGY CLOSED LOOP MODELS 


All models described in the above section 
treat energy demand as exogenous. This is inef- 
fective. Energy demand will depend on energy 
prices, which are in turn influenced by the cost 
of energy and in consequence the structure and 
operation of the energy system. It is on this 
coupling approach, between the demand and 
supply subsystems, that the energy closed loop 
models are based. These models usually com- 
bine an LP model with an econometric 
approach. 

Well known among these models are the 
Kennedy World Oil Model [15] and the Region- 
alized Electricity Model [18]. We shall not 
comment on those models, which address 
themselves to a single energy commodity using 
a partial equilibrium approach, but we shall 
concentrate on another model of the same 
methodology which deals with all competing 
energy commodities. 

The Project Independence Evaluation Sys- 
tem—PIES [13] was developed by the, then, 
Federal Energy Authority of the US, to esti- 
mate the impact of alternative federal policies 
on the import requirements of the country dur- 
ing the 1980s. It consists of an econometric 
demand model, a series of supply models and 
an integrating model. This latter which has an 
LP structure, combines the outputs of the 
other components and solves for market-clear- 
ing prices, supplies and demands. “For each 
energy product, a rule is developed to deter- 
mine the price at which a given quantity will be 
supplied and the quantity demanded at the 
given price vector. If each supply and demand 
balances at a given vector of prices, then the 
resource allocation is said to be an equilibrium 
allocation. Such an equilibrium allocation is 
taken as the solution of the model.” 

Thus the salient feature of PIES is seen to be 
that demand is endogenously generated, 


through supply—demand interaction, within the 
energy sector, i.e. through partial equilibrium. 


ENERGY-ECONOMY CLOSED LOOP 
MODELS 


The energy economy interaction is a multi- 
faceted process. The most obvious coupling 
mechanism between energy and the economy is 
energy demand. Basic variables of the econ- 
omic system such as GNP, sectoral products, 
final demands for goods and services are 
underlying variables for energy demand. But 
on the other hand, not all of these variables are 
exogenous to the energy system. GNP is 
affected by the foreign exchange requirements 
of the energy system. The cost of energy affects 
the production cost in most of the sectors of 
the economy, energy being an input in most, if 
not all, of the economic activities. Thus the 
final demands for goods and services of the 
economy are affected. And this is not all. Fuels 
compete directly with some goods and services 
for a share of consumers’ expenditure and the 
energy producing sector competes with other 
industrial sectors for capital, labour and 


natural resources. 
A. general framework for energy-economy 


models is given in Fig. 4. A macroeconomic 
growth model provides aggregate final 
demand, primary inputs and prices of goods 
which are input to an Input-Output model. 
This model combined with a model for final 
energy uses drives an energy supply model. The 
output of this model including investment, 
energy costs and energy imports is fed back to 
the macroeconomic growth model. 

Hogan and Parikh [12], in their detailed 
comparative evaluation of the energy-economy 
models, prepared for the Energy Modeling 
Forum, have distinguished three major com- 
ponents in each model: producers of energy 
and nonenergy products, consumers of energy 
and nonenergy products and the balancing 
mechanism. 

There exist particular traits that one could 
distinguish in each of the above components: 
the level of aggregation, the substitution 
phenomenon, the dynamics and the exogenous 
parameters are the main characteristics of the 
producers and the consumers submodels. The 
balancing mechanism can be characterized by 
its behavioural pattern. 





Omega, Vol. 8, No. 6 





r 


MACROECONOMIC 








GROWTH MODEL 


INPUTS 











‘ 





( PRIMARY 











| AGGREGATE DEM AND ) 











CONSUMPTION MODEL 























INPUT-OUTPUT MODEL 





ENERGY END USE 




















ENERGY SUPPLY MODEL 

















MODEL 

















| ENERGY PRICES ) 


EF=Exogenous 
Factors 

















Ferg ENERGY 


COST ENERGY IMPORTS } 





Fic. 4. A general framework for energy economy models. 


The level of aggregation is the main variable 
that affects the size of the model. It is deter- 
mined by the number of sectors into which the 
economy is analysed. It varies within a very 
wide range. In some very aggregate models 
only a few sectors are distinguished: electricity, 
nonelectrical energy sector and the rest of the 
economy. There exist however big models that 
go up to one or two hundreds of sectors. 

The substitution phenomenon is perhaps the 
most essential element in energy economy 
interaction. There are two aspects of the substi- 
tution phenomenon. Interfuel substitution refers 
to interactions among energy commodities. 
Factor substitution refers to interaction 
between energy and nonenergy factors of pro- 
duction (labour, capital). The level of aggrega- 


tion does of course influence the way that the 
various models treat substitution. 

One could distinguish four different 
approaches in the treatment of substitution. 
The most simple one is to say that there exists 
no substitution or in other words, that there 
exist fixed coefficients in intersectoral relations. 
The second approach, which is a more general 
case of the first one, is to assume an exogen- 
ously given trend of substitutions. The third 
approach is an econometric one: extrapolate 
explanatory relationships based on analysis of 
historical data, usually price induced substitu- 
tion. Finally in some models substitution possi- 
bilities are described through detailed engineer- 
ing analysis. 

All energy-economy models are dynamic 
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models, because they have to represent the 
economic growth process, which is itself a dy- 
namic process: with investment being the driv- 
ing force in the process and the stock of capital 
goods being the adjustment factor from one 
period to another. Of course models differ very 
widely in the way they describe this dynamical 
process. 

All models have some exogenous parameters 
and are using some assumptions on how these 
parameters will move in the future. There is a 
standard set of exogenously determined par- 
ameters in all models: population, labour force 
and in most cases the price of crude oil. Out- 
side this set there is an interchange between 
exogenous and endogenous variables: some 
models use as exogenous parameters those that 
in other models are endogenously determined 
and vice-versa. 

The behavioural pattern, on which the 
balance between the production and consump- 


tion side is effected, may be based on either a , 


positive or a normative approach. Positive 
models are based on a market equilibrium 
approach: profit maximiser producers and 
utility maximiser consumers communicate 
through competitive markets; balance is 


achieved when quantities and prices in supplies 
and demands for resources and products are 


equal. The normative models assume that there 
exists a socially accepted global criterion func- 
tion (e.g. social welfare), which the producing 
and consuming sector try to optimize in co- 
operation. 

For illustrative purposes three modelling 
efforts will be very shortly described in the rest 
of this section: the Hudson—Jorgenson model, 
the medium term model of the European Com- 
munity and the ETA-MACRO model. The 
first because it is a very well known complex 
model, the second because it represents an 
effort to integrate models by different devel- 
opers and the third because of its small size 
and simplicity. 

The Hudson—Jorgenson model consists of a 
macroeconomic model, a production model, a 
consumption model and an_ interindustry 
input-output model [14]. The macroeconomic 
model is a growth model that links the state of 
the economy through time, driven by an invest- 
ment variable. The model provides the aggre- 
gate final demand broken down into consump- 
tion, investment, government expenditure and 


exports; these components are further broken 
down by industry sector through the consump- 
tion model. The macroeconomic model also 
provides for the prices of primary inputs (capi- 
tal, labour, imports) which drive the produc- 
tion model. This model generates price induced 
changes to the technological coefficients of the 
input-output matrix. By this mechanism, 
which is the particular contribution of the 
model, the process of interfuel and factor sub- 
stitution is captured. The model then solves the 
system of equilibrium equations and thus equi- 
librium values for quantities and prices of 
energy commodities are established. 

The model is actually an econometric model, 
which does not attempt to model the energy 
system as such and cannot therefore include 
the advent of new energy technologies. To 
overcome this, Hoffman and Jorgenson have 
developed another version of the model, which 
they combined with a process analysis model 
i.e. BESOM [10]. 

The European Community energy modelling 
program [7] includes a system of three 
medium term models linked between them- 
selves. DESMOS/EURECA is a macroecono- 
mic multinational model, dynamic, discrete, 
annual; its output consists of the economy’s 
growth parameters. Thus for a given increase 
in oil prices, it measures the possible impact on 
the growth rate of the economy and changes in 
the structure of total output. The output of the 
model is fed into the EXPLOR model, an 
industry disaggregated model using an input— 
output matrix. This model computes final 
demand for each production sector, including 
the demand for energy commodities. It thus 
provides the input to the EFOM model, which 
optimizes the structure of the energy system to 
satisfy the given demand. The EFOM model 
also computes optimal investment policies for 
the energy sector, which are fed back to the 
DESMOS/EURECA model, thus closing the 
energy-economy loop. 

The ETA/MARCO model “simulates a mar- 
ket economy through a dynamic nonlinear 
optimization process” [17]. The model incor- 
porates two submodels. The ETA component 
is a nonlinear program using process analysis 
for energy technology assessment. The 
MACRO component is a macroeconomic 
growth model, providing for substitution 
between capital, labour, electric and nonelec- 
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tric energy. The particular contribution of this 
latter is its simplicity. It mainly includes an 
economy-wide production function, in which 
gross output depends upon four inputs: capital, 
labour, electric energy, non electric energy. The 
elasticity of substitution between energy and 
nonenergy factors—the factor elasticity of sub- 
stitution—is explicitly included in the model as 
the key parameter. The value of this elasticity 
has to be assumed, because attempts to esti- 
mate it have been inconclusive. 

The explicit inclusion of the elasticity of sub- 
stitution parameter is a very important feature 
of the model. It has been found by the Energy 
Modeling Forum (the energy modelling testing 
laboratory of Stanford University) that the be- 
haviour of most energy-economy models, inde- 
pendently of their complexity and size, is 
actually determined by the implicitly or expli- 
citly assumed value of this parameter [4]. It 
has also been established that, this elasticity is 
equal to the price elasticity of energy demand, 
under certain simplifying assumptions. 


DEFICIENCIES IN THE ENERGY 
MODELLING PROCESS 


The energy modelling process has some 
basic deficiencies, which arise from the follow- 
ing sources 


—unrealistic assumptions. 
—lack of evidence, theoretical and empirical. 
—the structure of the future. 


It seems that the energy modelling effort has 
been very successful in formulating unrealistic 
assumptions. Not mentioning the problem of 
trend extrapolation to which allusion will be 
made below, the greatest number of energy 
models rely on the assumption of a perfectly 
competitive market, whereas today’s energy 
markets even in the most liberal of econo- 
mies—i.e. the US—are highly state regulated. 

There is no evidence, theoretical or empiri- 
cal, to indicate what the rules of the game are 
now and will be in the future. Changes, such as 
the ones we are witnessing today, have never 
taken place in the past; this makes us unable to 
estimate in advance the impact of these 
changes. It is now broadly accepted that the 
ability of some of the OPEC countries to ab- 
sorb their oil incomes without destabilizing 
their social and economic establishment, is a 
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major factor in determining the supply of oil. 
This factor is not reported in any economic 
theory as a supply determinant and no 
modeller would ever have considered it in the 
past. 

The third source of trouble for any energy 
modelling activity is the fact that it deals with 
the future, usually the very distant future more- 
over, which is unknown not only in small 
details but in its basic structures. Most of the 
energy models cover a planning horizon of 
some decades; indeed very few energy models 
can be found which tell us what would happen 
before 1985. The year 2000 seems to be the 
favourite target year of energy modellers, 
whilst some of the models go as far ahead as 60 
or even 100 years. 

There are two main reasons for this long 
term orientation of energy modelling. The first 
is that many of the models were developed to 
assess the impact of new technologies. The 
second, not explicitly reported is, that by going 
far into the future modellers try to avoid tran- 
sient phenomena and tackle the steady state 
which enables them, so they think, to apply 
their well known principles of market equili- 
bria etc. This seems to be a really myopic atti- 
tude both in literal and metaphoric terms. 
What it really means is the following: we know 
that the immediate future is characterized by 
major turmoil; so we cannot forecast it by 
extrapolating past trends; what we do there- 
fore, is to make the extrapolation for a more 
distant future, just leaving a gap between the 
present and this more distant future; thus we 
argue that what is not good enough for the 
near future, i.e. extrapolating past trends, will 
be sufficient for the long term future. 

This brings us to the forecasting capability of 
energy models and their contribution to policy 
formulation. 


MODELS AND POLICY FORMULATION 


Energy models are not good forecasting 
devices. There is ample evidence both theoreti- 
cal and empirical, to support this argument. 

On the empirical front, the forecasting falla- 
cies of energy modelling can become a source 
of amusement. Professor Stanley Jevons writ- 
ing just before the outbreak of the First World 
War, established a forecast of coal consump- 
tion in Britain up to 2201. He completely failed 
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to see the advent of oil and missed the peak in 
British coal production by 188 years: it 
occurred in 1913, the very year he was writing, 
whereas he predicted output would continue to 
rise until 2101 [6]. Models in the United 
States, that have had an important impact on 
the modelling effort, have projected a world 
price of oil in the range of $13 to $14 per barrel 
in 1975, a decline over the 1975-80 period to 
around $10 and then a slow increase [19]. 
President Nixon announced in 1973 his energy 
independence policy, based on the Project 
Independence Evaluation System, whereas “it 
soon became evident that the US would 
remain heavily dependent upon _ imports 
throughout the 1980s” [18, p. 10]. 

The ineffectiveness of energy models to fore- 
cast the energy future is nobody’s fault; unless 
one decides to confuse a model with a crystal 
ball. No forecasting technique exists, or may 
possibly exist, that can forecast the outcome of 
a turbulent environment, such as the one that 
the world is now experiencing. There is only 
one thing that forecasting techniques can do 
very effectively, besides successfully ‘predicting’ 
the past viz. to extrapolate past trends. Struc- 
tural changes, which are not a continuation of 
the past, discontinuities in variables, cannot be 
predicted. 

Forecasting can be effective in a predictable 
environment; an environment cannot be pre- 
dictable, by definition, when fundamental 
changes from established patterns are involved. 
This seems to be the case for the near future, at 
least. 

Poor forecasting performance might have 
been one of the reasons why energy modelling 
has had little impact on energy policy formula- 
tion. This is suggested by some not very recent 
investigations in the US [8] and it is the feeling 
that the author has got from his discussions 
with persons involved in both the modelling 
and the policy formulation activities. 

However, even if models are inaccurate fore- 
casting devices, they are useful today and they 
could become even more useful in the near 
future. First, because there is evidence to sug- 
gest that humans, being biased forecasters, are 
even worse than models [16]. Second because 
models besides forecasting have another very 
important use, as tools for analysis. They can 
assist the human brain in the process of 
rational analysis and synthesis, by broadening 


Samouilidis—Energy Modelling 


its capacity of doing so, by formalizing its 
judgemental procedure and by formulating a 
logical consistency framework. This is of 
course very well known and does not need any 
further comment. The only thing it should be 
added here is, that this argument should also 
be accepted by policy makers; which was not, 
at least until recently. It is very encouraging to 
note that there exist now some projects in the 
US, namely at Stanford and MIT, that are aim- 
ing at promoting communication between 
model users and developers and thus extending 
the usefulness of models [4]. 


ENERGY MODELLING AND 
MANAGEMENT SCIENCE 


Energy modelling has some distinct features 
that relate it to management science. Let us try 
to describe these features: 


Planning horizon. As has been already men- 
tioned, energy models look very far into the 
future; much further than the usual decision 
making models do. 

Systems boundaries. Usually decision making 
models (within management science) describe 
the behaviour of a firm or an industry; they 
rarely go on a higher system. Energy models 
are usually regional, national or international. 
The following traits are mainly a consequence 
of this one. 

Supporting sciences. Whereas industrial 
models of management science rely heavily on 
microeconomics and the engineering sciences, 
energy modelling draws much from macro- 
economics. Supporting sciences of energy 
modelling are indicated in Fig. 5. 

Model complexity and size. Energy models 
tend to be more complex and bigger than the 
usual decision making models. They even tend 
to be aggregations of cooperating models. 

Model potential users. Energy models are 
usually aiming at public decision making, 
whereas conventional management science 
models address themselves to decision making 
within a firm. It seems that managers in 
industry have already a longer tradition in 
using models in their decision making process, 
than policy makers in government depart- 
ments. 
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Fic. 5. Energy modelling and supporting sciences. 


Thus energy modelling really broadens the 
scope and the field of implementation of man- 
agement science. At the same time this latter 
has a very rich experience to offer to the 
former. Energy modellers should really try to 
benefit from the experience of management 
scientists; they don’t need to rediscover the 
wheel’. 
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The model presented in this paper assumes that a uniform lot size is produced through a series 
of manufacturing stages, with a single set-up and without interruption at each stage. Transportation 
of partial lots, called batches, is allowed between stages after the whole batch is completed. The 
batch sizes must be equal at any particular stage, but the optimal number of equal-sized 
batches may differ across stages. Of course, the set-up costs, the inventory-holding costs and 
the transportation costs influence both the optimal batch-sizes at the various stages and the 
uniform lot size. An optimization method for this deterministic model is developed and is 


illustrated by an example. 


INTRODUCTION 


PRODUCING PARTS for a complex product often 
involves a series of operations (stages) being 
performed on lots of a single item. Specifically, 
an overwhelming number of such parts are 
produced in the automobile industry and 
generally in the machine industry. It is also 
notable that the number of manufacturing 
stages is usually rather large (5-15 stages). 
Although a single part may not be (and usually 
is not) sold directly, the assembly of the product 
incorporating this part could be continuous 
over time. Since part-manufacturing is seldom 
synchronized with the rhythm of the assembly 
line, a single part may be manufactured 
intermittently. When this happens, the net effect 
is that of a continuous demand fed by a part 
produced in lots. This is the reason for the 
applicability of lot-size models. 

The single-stage EPQ (Economic Production 
Quantity) model ignores the work-in-process 
inventory; consequently it is frequently misused 
in multi-stage manufacturing. Since it overstates 
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the optimal lot-size, dramatic savings could be 
generated by replacing the single-stage EPQ 
model with a multi-stage model when appro- 
priate. Obviously, scheduling precedence must 
be given to products whose production must 
follow the process organization implied by the 
multi-stage model. When facilities are shared 
by several intermittently-manufactured product 
lots, the scheduling of EPQs for the entire 
spectrum of products is rzrely feasible. How- 
ever, experience has often shown that a relatively 
small portion of all products constitute a very 
large part of the work-in-process inventory. 
Scheduling priorities in manufacturing a small 
number of products, as the multi-stage model 
requiries, do not present an obstacle in practice. 
The reason is that these products do not 
tie-up a prohibitive proportion of the manu- 
facturing capacity and leave ample room to 
manipulate the manufacturing schedule for the 
remaining product line. This practical considera- 
tion justifies the limited application of EPQ 
models even in very tightly scheduled MRP 
(Material Requirement Planning) systems. The 
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key issue is to select the appropriate products 
for production according to an EPQ model. 

Any multi-stage production/inventory model 
is intended for some particular organization 
of the manufacturing process. In our model a 
‘lot’ denotes the quantity produced with one 
set-up at a stage and a ‘batch’ denotes the 
portion of a lot transported to the next 
stage. 

The main characteristics of our model can 
be summarized as follows: (a) a uniform lot 
size is produced through all stages in a 
serial manufacturing system; (b) the lot is 
produced without interruption with a single 
set-up at each stage; (c) before the lot is 
finished, equal-sized batches can be transported 
from one stage to the next upon completion 
of a batch; (d) a different (integer) number of 
equal-sized batches can be produced at the 
various stages. The availability of batches for 
shipment to the next stage prior to the com- 
pletion of the entire lot reduces the average 
inventory considerably. Since only one set-up 
is required, the total cost of the system is 
much smaller than the cost with full-lot 
shipments. Of course, the magnitude of the 
set-up costs and the transportation costs of 
batches will influence the optimal lot-size and 
the optimal number of batch shipments at 
various stages. 

The model assumes deterministic and con- 
stant demand and production rates, fixed set-up 
costs and linear inventory-holding costs over an 
infinite time horizon. The transportation cost 
of batches for a stage is related to the load 
capacity of transport equipment used at that 
particular stage. The cost of holding one unit 
is related to the physical inventory on which 
Stage i was completed. Unrestricted capacity 
is assumed in the manufacturing process. Set-up 
and transportation times are considered to be 
insignificant and hence are ignored. No back- 
logging (deliberate shortage) is permitted in the 
system. The lot size and the batch size do 
not have to be integers and, hence, the 
assumption is that units of the product are 
‘infinitely divisible’. This is a frequently-made 
assumption in such models and is not 
restrictive if optimal lot sizes and batch sizes 
are found to be sufficiently large. There are n 
manufacturing stages, i= 1,...,n; i= n rep- 
resents the final stage that converts the process 
inventory to finished product. 
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The following notation is used: 


D = demand (consumption) rate of the final 
product (at stage n); 
P; = production rate at stage i (note that 
P; > D); 
F; = fixed (set-up) cost per lot at stage i; 
= transportation cost of a batch from 
stage i to the next stage; 
unit inventory holding cost, per unit 
time, at stage i; 
the number of equal-sized batches at 
stage i (note that y; is an integer); 
= uniform lot size for the system; 
; = Q/y;, the size of one batch at stage i. 


Note that all parameters and variables are 
greater than zero. 

The model presented in this paper signifi- 
cantly improves the uniform lot-size models of 
Szendrovits in [1,2] which require the same 
number of equal-sized batches at all stages. 
Relaxing this assumption by allowing different 
numbers of batches at various stages con- 
siderably reduces the work-in-process inventory 
and the total cost of the production/inventory 
system. 


THE MODEL AND THE 
OBJECTIVE FUNCTION 


Figure | is intended to facilitate under- 
standing of the method by which the magnitude 
of stage i inventory is determined when 
P; < P;4,. The first (slanted) solid line repre- 
sents the cumulative production at stage i. 
The corners of the dotted-line triangles below 
this indicate the availability of five completed 
batches for stage i + 1. The second (slanted) 
solid line represents the cumulative production 
at stage i+ 1 and the dotted-lines crossing 
this show the depletion of stage i inventory. 
Thus, the trapezoid enclosed by solid lines 
illustrates the time-weighted inventory at stage i. 

The inventory at stage i builds up over time 
period Q/P;, during which y; number of 
x,-sized batches are transported to stage i + 1. 
To manufacture lot size Q with a single set up, 
when P; < P;,,, the time delay between the 
start of stages i and i+1 must be Q/P; 
+ x;/Pi+; — Q/Pi+,. Stage i inventory is 
gradually converted to stage i+ 1 inventory 
as y;,, number of x;,,-sized sub-batches are 
produced during time period Q/P;, ,. 
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Fic. 1. Time-weighted inventory at stage i when y, = 5, y;4, = 3 and P; < P;,,. 


The time-weighted inventory at stage i is 
represented by the area of the trapezoid in 


Fig. |; this is 


= 
Piss 


Since x; = Q/y;, the general expression for the 
time-weighted inventory at stage i is 


ee i 
2 + - — e 
oy a 2|P Pi44 ) 


By multiplying this expression by c; and D/Q, 
the number of inventory cycles per unit time, 
we obtain the average inventory cost for stage i. 
Then, by summing over i= 1,2,...,n and 
setting P,,, = D, we find that the average 
inventory cost per unit time for the whole 
system is 

i= 
Cj 


Yi max {P;, P;. 1} 


The sum of the fixed (set-up) and transporta- 
tion costs per unit time of the system is 


Dy (3 + 1). 


The total cost of the system per unit time is 


C(Q, Y) 


+D¥( n,2 , 


a 
i=1 


.Q/y;  y, max (P;, Pi.,3 
where 
= (Vi. V2. -+++Vass Vi = positive integer 
and 
= D 

The objective is to minimize the sum of fixed 
costs and inventory-holding costs of this pro- 
duction/inventory system. 

Deriving the objective function from (1) we 
obtain: 
Minimize C(Q, Y) = AQ + B/Q + ¥ [(b)/Q)y, + aQ/yi) 

i=1 
(2) 

subject to 


y; = positive integer fori = 1,...,n; 
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THE OPTIMIZATION METHOD 


The optimization of the objective function 
(2) is carried Out in two phases. 

In the first phase we find a heuristic solution. 
The relevant equations and the algorithm for 
this solution are described in Appendix A. 

The heuristic solution is attained in a finite 
number of iterations. In the numerous examples 
that we solved, convergence was very fast; 
the algorithm produced the solution in three 
iterations or fewer. Computational experience 
with many problems also has shown that the 
heuristic solution was optimal in the over- 
whelming majority of cases. Nevertheless, we 
regard this solution only as the upper bound 
on the optimal solution. 

In the second phase we obtain the optimal 
solution to the problem. The relevant equations 
and the algorithm for obtaining this solution 
are given in Appendix B. 

In finding the optimal solution, we use the 
results of the heuristic procedure as starting 
values in developing a lower bound and an 
upper bound within which the optimal cost 
lies. An efficient scanning process for the 
optimal cost ensures that the maximum number 
of iterations in the scanning algorithm is only 
a minuscule fraction of the number of iterations 
required to enumerate completely within the 
bounds. 

A computational example for the heuristic 
and exact algorithms is given in Appendix C. 


CONCLUSION 


The model presented in this paper relaxes 
the constraint that batch sizes must be the same 


at each stage. This added flexibility naturally 
results in a lower cost. Unless no batch 
shipment is warranted at any stage, the cost 
resulting from this model is invariably lower 
than the cost generated by a model requiring 
the same batch sizes at each stage. The greater 
the variation among the transportation costs 
for a batch at various stages, the more significant 
the cost difference between these two inventory 
policies. 

As an area for investigation we suggest the 
development of a model that combines variable 
lot-sizes and batch transshipments at various 
stages. This would permit even more flexible 
inventory policies and would further reduce 


. costs. However, itis unlikely that an optimization 


method could be found to solve this considerably 
more complex problem; instead, a heuristic 
procedure is foreseen. 
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APPENDIX A 


A heuristic solution 


Given ¥ = {y,, 2, -.-,n} the cost equation in (2) can 
be written as follows: 


C(Q, Y) = (4 + x ai.) + (2 7 ‘ b)/@ (A.1) 


in which the part that expresses the influence of ys on the 
cost, fori = 1,2, ...,n, is 


E(y;) = (b;/Q)y; + 4:Q/yi- (A.2) 


If we momentarily disregard the integrality constraint 
on ys, a so-called continuous solution can be found for 


Q and for the vector Y = {y,,y2,.--,)n} by applying 
Lemma |. 


Lemma | 
For u,v > 0 the minimum of f(Z) = uZ + v/Z is 


Z* = (v/u)'. 
Also, 


f(Z*) = 2Auv)'?. 





Omega, Vol. 8, No. 6 


Proof : 


The function of f(Z) is convex for Z > 0. By solving the 
extremal equation df(Z)/dZ=0 we obtain Z*. Sub- 
stituting Z*, we obtain f(Z*). 

Using Lemma |, the continuous solutions (denoted by 
supercript c) to (A.1) and (A.2) can be expressed as 
follows: 


QO = (B/A)'”, 
Yi = Q(ai/b)'", 


(A.3) 


(A.4) 
Ci = C(O, Y¥‘) = AQ + B/QS +2 ¥ (a,b,)'?. (A.5) 
i=1 

It is worthwhile to note that the ‘continuous optimal 
cost’ in (A.5) is a lower bound on the optimal costs 
obtainable for the objective function (2) at integer y; values. 

Since the objective function (2) must be optimized 
subject to integer ys we must now determine the vector 
Y = (yi, ¥2, --+sn} according to Lemma 2. 


Lemma 2. 


For uv>O the positive 
f(2) = uZ + v/Z is 


Z = (e)| = [(v/u + 0.25)'7]!, 


integer Z that minimizes 


where (e)' is the closest integer to e. 


Proof: 
The optimal Z must satisfy 
f(Z -— 1) > f(Z) < f(Z + 1). 
The right hand side of the inequality yields 
uZ + v/Z < uZ + 1) + of(Z + 1), 
“ 2Z +1) > v/u, 2. (Z + 0.5) > (v/u) + 0.25. 
The left hand side of the inequality yields 
uZ + vo/Z < u(Z-— 1) + vof(Z — 1), 
“ 2Z- 1) < vu, 2. (Z — 0.5)? < (v/u) + 0.25. 
Solving these two quadratic inequalities we obtain: 


Z -0.5 < (v/u + 0.25)'? < Z +05 


2 


This proves that Z is the closest integer to (v/u + 0.25)'/? 
If this value were to fall exactly between two integers, 
then rounding in either direction gives the same cost. 

Now, we can apply Lemma 2 to equation (A.2) to 
obtain a general expression for calculating integer y; 
values: 


yi(Q) = ((Q2a;/b; + 0.25)'/?]}. (A.6) 

Note that y(Q)=@Q whenever a,/b; > 1 and hence 
x; = 1. However, this only happens when T;(max {P,, 
P; +1 }) S Cj. 

By using equation (A.6) we can establish the vector, 
Y = Y(Q), which gives the lowest cost for a given Q. In 
fact, there is usually a range of Q values for which the same 
Y vector yields the lowest cost. On the other hand, there is 
only one Q value which generates the lowest possible cost 
for a given Y vector. This Q value can be determined by 
applying Lemma | to equation (A.1). Hence, 


OY) = | (3 “*s buy) 
\ i=1 


The corresponding optimal cost is 


{ n n \ 1/2 
C(Y) = | (2 +} by) (4 +} “| . (A8) 
\ i=1 / i=1 Vi 


One must realize, however, that another Y vector may 
exist which improves the cost at Q@. Hence, we calculate 
a new Y vector at Q. If this is the same as the previous 
one, then Q has stabilized and we have found a possible 
optimal heuristic solution which we designate by Q”, Y" and 
C™. Otherwise, we must continue the iterations until 
Q stabilizes. This procedure is called Algorithm 1. 


Algorithm |: 


Step |. Calculate Q* in (A.3). Set iteration number k = 1, 


— 


Step 2. Find vector Y, = Y(Q,) according to (A.6). 

Step 3. Calculate Q, = Q(Y,) according to (A.7). 

Step 4. If Q, # Q, set Qy.; = Q,, K=k+ 1 and go to 
Step 2. : 

Step 5. Set Q" = O,, Y" = Y,. Calculate C™ = C(Y,) from 
(A.8). Stop. 

The equations used to calculate Y, and Q, in our 
algorithm ensure that the value of the objective function 
decreases at each iteration. That is, the Y vector would 
only change at a certain Q if it improves the cost. This 
process continues until Q stabilizes. Thus, the heuristic 
solution is obtained in a finite number of iterations. 


APPENDIX B 


The optimum solution 


The heuristic solution in Appendix A gives us an upper 
bound on the cost of the optimal integer solution. Also, 
we obtain an absolute lower bound by calculating the 
continuous optimal cost for Q* in (A.5). Similarly, the best 
‘continuous’ cost, which is a lower bound at a given Q, 
can be determined as 


C° = AQ + B/Q +2 ¥ (ajb,)'?. (B.1) 
=1 


Using (B.1) we can establish a lower bound (Q,) and an 
upper bound (Qy) within which the optimal lot size (Q*) 
lies, ie. Q, < Q* < Qy. This is achieved by finding the Q 
values that yield a continuous cost equal to the lowest cost 
obtained so far. We denote this cost C™". It follows from 
(B.1) that when C° = C™” we obtain 


Q? —- 2090 + B=0 (B.2) 


where 


a= Ge —2 ¥ (a;b,)' ‘| 2A; 


B= B/A 
The solution of the quadratic equation in (B.2) gives 
Q, = « — (x? — B)'”?, 
Qy = x + (x? — B)'?. 


To calculate Q, and Q, we use the cost of the 
heuristic solution, C™" = C™. The next task is to search 
for Q* within the bounds Q, and Q,. We choose Q, as 
the starting point in searching for Q*. It is helpful to 
recall that a Y vector is optimal for a range of Q values 
If one member of this vector, some y,;, has increased by 
one (while all others have remained the same), a new 
range of Q values will be associated with the new Y vector 


(B.3) 
(B.4) 
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We denote the starting point of this new range by Q;. We 
now establish a principle that enables us to design a 
scanning process which eliminates a large number of Q 
values from the enumeration. 

Let us examine the effect of the change in value of 
some y; on the objective function. Since the part of the 
objective function that y; influences is given in (A.2) we 
can use this to find the condition under which E(y; + 1) 
< E(y;). Using (A.2) we can state that 

bys bz 1) a\Q P biy; + a\Q 


— + < — ; 
Q (yi; + 1) Q Ji 


and solving this inequality we can conclude that this is 
true if and only if 


Q 2 [(b;/a;) vy; + 1)] 2. (B.5) 


The starting points of the ranges associated with 
changing y; to y; + | for each i separately are 


0; = [(b;/a) yy; + 1)". (B.6) 


We can start the scanning process by setting C™" = C™ 
and finding ihe optimal Y vector for Q,. Then, we define 
the best Q for this ¥ vector and designate the corresponding 
cost C. Selecting the lower of the costs C and C™ as the 
new C™" and denoting the pertinent values Q and Y with 
o™" and Y™*, we calculate the Q; values according to 
(B.6). If the smallest of the Q; values is larger than Qy, 
i.e. if min{Q;} > Qy, this means that the range of Q 
values associated with the new Y vector exceeds Qy (at 
which the upper bound on costs occurred). Consequently, 
we have found the optimal values C* = C™", Q* =Q™ 
and Y* = Y™". If min{Q;} < Qy, we update the Y vector 
by changing only one y; to (y; + 1), namely the one which 
has the same subscript as min{Q;}. We then iterate until 
min{Q;} > Qy. Algorithm 2 specifies the scanning process. 


Algorithm 2: 


Step 1. Set iteration number k = 1, Q™ = 
and c™ = C™. 

Step 2. Calculate Q, from (B.3) and Q, from (B.4). 

Step 3. Find Y, = Y(Q,) from (A.6). 

Step 4. Calculate Q, = O(Y,) from (A.7) and C, = 
from (A.8). 

Step 5. If C, > Cc™", > to Step 7. 

Step 6. Update C™" = C,,Q™" = O,, Y™" = Y,. 

Step 7. Find {0,,0,... "6,} with ’ from (B. 6) 

Step 8. Select Q; = min ‘1. Q,,....Q,} and note sub- 
script j. 

Step 9. If Q; < Qu, 
eee Se 


oO”. yma _ ead 


C(Y,) 


sett k=k+ 1. Define Y, = {y,, y3, 


where 


Vuln + j 
ya fm ‘ : form = 1,2, 
(vy; + lim = j 


Go to Step 4. 


Step 10. Set C* = C™, Q* = O™*, Y* = Y™". Stop. 


The efficiency of this algorithm is obvious if we compare 
the number of iterations in our scanning process with 
that necessary for complete enumeration. For this, let the 
feasible values for y; be {yj"'",..., y;™**} and let K; be the 
number of such feasible valocs. For n stages, the number 
of iterations required for a complete enumeration is 


I, = K,:K3:...°K, (B.7) 


In our scanning process only one of the y,s is increased 
in every iteration and since every y; could increase K; — | 
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times, the maximum number of iterations is 


For instance, when n = 5 and K; = 10 fori = 1,2,...,n 
we find from (B.7) that complete enumeration would 
involve J, = 10° = 100,000 iterations. In contrast we find, 
from (B.8), that our scanning process would need a 
maximum of J, = (5)(10) — 5 + 1 = 46 iterations. It is 
noteworthy, however, that in several examples solved with 
the algorithm most of the results were obtained in three 
or fewer iterations. 


(B.8) 


APPENDIX C 


A computational example 


The following problem parameters are used to illustrate 
the computations: A = 0.1, B = 43,300, a, = 0.1, a, = 0.1, 
a, = 0.01, b, = 1,000, b, = 9,000, b; = 5,000. The compu- 
tations using Algorithm I described in Appendix A and 
Algorithm 2 in Appendix B are shown below. 


ALGORITHM | 


Iteration | 
Step 1: Calculate Q¢ in (A.3), 
Q° = (43,300/0.1)'/? = 658.0274. 
Setk = land Q, = Q°;Q, = 658.0274. 
Step 2: Find vector ¥, = Y(Q,) according to (A.6); 
ys(Q1) = [433,000(0.1)/1,000 + 0.25]'/? = (6.600), = 7. 
y:(Q,) = [433,000(0.1)/9,000 + 0.25]'/? = (2.250), = 2, 
y3(Q1) = [433,000(0.01)/5,000 + 0.25]''? = (1.056), = 1. 
Thus, ¥,; = {7,;2, 1}. 


_ 3: Calculate @, = O(Y,) according to (A.7); 


y by; = 1,000(7) + 9,000(2) + 5,000(1) = 30,000, 
i=1 
3 


a;/y; = 0.1/7 + 0.1/2 + 0.01/1 = 0.0743 


OLY ,) = [(43,300 

+ 30,000)/(0.1 + 0.0743)]'/? = 
Thus, 0, = 648.5166. 
Step 4: Test 0, + Q,; 
O, = 648.5166 and Q, = 658.0274, 
hence 0, # Q; and Q, = Q,. Thus, Q, = 648.5166. 
Setk = k + 1;k = 2. Goto Step 2. 


648.5166. 


Iteration 2 


Step 2: Find vector Y, = Y(Q,) according to (A.6); 
y:(Q2) = [420,573.78(0.1)/1,000 + 0.25]'/? = (6.504), = 7, 
y2(Q2) = [420,573.78(0.1)/9,000 + 0.25}'/? = (2.219), = 2, 
y3(Q2) = [420,573.78(0.01)/5,000 + 0.25]'/? = (1.045), = 1. 
Thus, ¥Y, = {7, 2,1}. 


Step 3: Calculate @, = Q(Y,) according to (A.7); 
3 
Y. biy; = 1,000(7) + 9,000(2) + 5,000(1) = 30,000, 


i=1 


3 
 ¥ aj/y, = 0.1/7 + 0.1/2 + 0.01/1 = 0.0743 
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and 
O(Y ,) = [(43,300 + 30,000)/(0.1 + 0.0743)]'/? = 
Thus, 0, = 648.5166. 
Step 4: Test 0, + Q); 
0, = 648.5166, 0, = 648.5166, hence @, = Q). 
Thus, continue. 
Step 5: Set Q" = 02, Y" = Y,; 
Q™ = 648.5166 and Y™ = {7, 2,1}. 
Calculate C"™ = C(Y,) from (A.8); 
3 


648.5166. 


with Y, in Step 3 we have }° b,y; = 30,000 
and i=1 


3 
> (ai/yi 
i=1 
(0.1 + 0.0743)]''? = 226.0544. 


Thus, C" = 226.0544. Stop. 


Note that the heuristic solution: C", Q", Y™ may be 
optimal but only Algorithm 2 would verify whether it is 
or not. 


= 0.0743, hence C(Y,) = [(43,300 + 30,000) 


ALGORITHM 2 


Iteration | 


min _ Q”, yous 
y= = yey l ' 


Step 1: Set iteration number k= 1, Q 
= ¥Y" and C™=C"; Q™ = 648.5166, 
and C™" = 226.0544. 

Step 2: Calculate Q, from (B.3); 


3 
¥. (ajb))''? = [0.1(1,000)]"/? + [0.1(9,000)}"/ 
i=l 


+ 0.01(5,000)]'/? = 47.0711, 

x = [226.0544 — 2(47.0711)]/[2(0.1)] = 659.5611, 

B = 43,300/0.1 = 433,000 and 

Q, = 659.5611 — (656.5611? — 433,000)''? = 614.6080. 

Calculate Q, from (B.4); 

Ov = 659.5611 + (659.5611? — 433,000)'/? = 704.5141. 

Thus, Q,; = 614.6080 and Q, = 704.5141. 

Step 3: Find Y,; = ¥(Q,) from (A.6); 

¥,(Q1) = [377,743(0.1)/1,000 + 0.25]'/? = (6.166), = 6, 

y2(Qz) = [377,743(0.1)/9,000 + 0.25]'/? = (2.109), = 2, 
y3(Q1) = igh 743(0.01)/5,000 + 0.25}'/? = (1.003), = 1. 

Thus, Y, 6,2, 1 

Step 4: Calculate 6, = Q(Y,) from (A.7); 
3 


> by; = 1,000(6) + 9,000(2) + 5,000(1) = 29,000, 
i=1 


= 0.1/6 + 0.1/2 + 0.01/1 = 0.0767 and 


3 
: ai/y; 
i=] 


OLY ,) = [(43,300 + 29,000)(0.1 + 0.0767)}!/? = 
Thus, 0, = 639.7228. Calculate C, = C(Y,) from (A.8); 
C(Y ,) = 2[(43,300 + 29,000)(0.1 +0.0767)}'/? = 226.0354. 
Thus, C, = 226.0354. 

Step 5: Test C, > C™"; 


639.7228. 


C, = 226.0354, C™" = 226.0544, hence €, < C™". 
Thus, continue. 
Step 6: Update C™™" = C,, Q™" = 0, and Y™" = Y,; 


c™ = 226.0354, Q™°" = 639.7228 and Y™" = {6, 2, 1}. 


O.M.E. 8/6—€ 


ADDRESS FOR CORRESPONDENCE: 


Step 7: Find {0,, 02, 03} with Y, from (B.6); 
= [(1,000/0.1)(6)(6 + 1)]'/? = 648.0741, 
0, = [(9,000/0.1)(2)(2 + 1)]'/? = 734.8469, 
0, = [(5,000/0.01)(1)(1 + 1)]'/? = 1,000.0000. 
Thus, 0, = 648.0741, 0, = 734.8469, Q, = 1,000.0000. 


Step 8: Select @; = min {Q,,0 , 03} and note subscript j ; 
Q; = Q, = 648.0741 and subscrijt j = 1. 

Step 9: Test 0; < Qy with j = 1; 

0, = 648.0741, Qy = 704.5141, hence 
0,;<Qyandk=k+I1,k=2 

Define Y, = { y}, ¥2, ¥3} 3 since j = 1, 

y,=y, tl =6+1=7;y,=y, 

and y; = y3(y, and y; are unchanged from Step 3). 
Thus, Y, = {7,2,1}.Goto Step 4. 


Iteration 2 


Step 4: Calculate 0, = O(Y ,) from (A.7); 
3 
¥ by; = 1,000(7) + 9,000(2) + 5,000(1) = 30,000, 


i=1 
3 


¥ aj/y; = 0.1/7 + 0.1/2 + 0.01/1 = 0.0743 and 
i=1 
OLY ;) = [(43,300 + 30,000)/(0.1 + 0.0743)]!/? = 648.5166. 
Thus, 0, = 648.5166. Calculate C, = C(Y,) from (A.8); 
C(Y ,) = 2[(43,300 + 30,000)(0.1 + 0.0743)}'/? = 226.0544. 
Thus, C, = 226.0544. 
Step 5: Test C, > C™™; 
C, = 226.0544, C™" = 226.0354, 
hence C, > C™". Thus, go to Step 7. 
Step 7: Find {0,, 02, 03} with Y, from (B.6); 
0, = [(1,000/0.1)(7(7 + 1)}'/? = 748.3315. 
(Q, and Q; calculated in Step 7 of Iteration | remain 
unchanged as only 0; = Q, was to change.) 
Thus, 0, = 748.3315, 0, = 734.8469, 0, = 1,000.0000. 
Step 8: Select 0; = min {Q,,Q0,Q3} and note subscript j; 
0; = 0, = 734.8469 and subscript j = 2 
Step 9: Test 0; < Qy with j = 2; 
0, = 734.8469; 0, = 704.5141, hence 
0, > Qy. Thus, continue. 
Step 10: Set C* = C™,Q* = Q™, Y* = Y™:; 
C* = 226.0354, Q* = 639.7228, Y* = {6,2, 1}. Stop. 


Algorithm 2 shows that the heuristic solution obtained 
in Algorithm | was not optimal for this example. The 
difference between the optimal cost (C*) and the cost of 
the heuristic solution (C”) is rather small due to a very 
flat cost (envelope) curve. 


Professor Andrew Z 
Szendrovits, Production and Management Science Area, 
Faculty of Business, McMaster University, Hamilton, 
Ontario, Canada. 
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Managerial style and decision aids are linked through a set of design criteria: style enhancement, 
style complementarity and ‘filling the gap’. Based on a phenomenology of the aid construct in 
marketing management the paper shows that marketing managers can and do define style comple- 
mentarity as their most pertinent criterion. In operational terms this means that data gathering 
display and measurement have a higher importance than mathematical programming as an aid in 


decision making. 


MANAGERIAL STYLE AND DESIGN 
CRITERIA 


A NUMBER Of researchers have suggested the 
existence of differences in managerial styles and 
have argued for a parallel differentiation in the 
type of information- or decision-oriented aids 
useful for different styles [2,5-7,9]. In their 
article “A Program for Research on Manage- 
ment Information Systems” [6], Mason and 
Mitroff proposed psychological type as a vari- 
able to be considered in information system 
design. De Waele further suggested four main 
functional types of decision aids: thinking aids, 
feeling aids, sensation aids and _ intuition 
aids [2] and four criteria to link decision aids 
with managerial styles (enhancing style, com- 
plementarity, ‘filling the gap’ and uniformity). 
This paper forms a natural follow-up on the 
last two papers in that the question addressed 
here is: which criterion is most pertinent for 
managers, on the basis of their own judgement 
of what constitutes aid? Pertinence refers to the 
particular quality that the manager finds it 
valuable to strengthen in relation to his mana- 
gerial activities. 

We have usually assumed that bringing 
science into management implies bringing in 
some kind of mathematical or logical pro- 


cedure, the purpose of which is to enhance the 
analysis, consistency and planning of a 
manager’s decisions. This assumption is, in 
turn, based on a number of beliefs: (1) truth is 
analytical, consistent and planned; (2) the deci- 
sion maker values these qualities; (3) he or she 
wants to enhance these qualities; and (4) this 
desire has priority over other kinds of aid. It is 
clear that enhancing consistency is only one of 
the possible kinds of aids which a manager 
may value for his decision making tasks. 
Furthermore, it is plausible to assume that 
whether or not increased consistency consti- 
tutes a priority type of aid for him or her will, 
amongst other things, depend on the particular 
style characterizing his or her professional ac- 
tivities. 

To maintain that increased consistency con- 
stitutes a priority type of aid means that either 
(1) a manager adheres to a style which highly 
values consistency and he finds it valuable to 
strengthen this aspect of his style (style en- 
hancement) or (2) he adheres to a style which 
highly values other qualities and he desires to 
strengthen consistency as a complementary 
quality in his decisions (style complementarity). 
If we call the consistency enhancing aids think- 
ing aids, then Table | below depicts the possi- 
bilities just described (namely quadrants I and 
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TABLE 1. MANAGER'S STYLE VERSUS TYPE OF AID 





Manager finds it 
valuable to 
strengthen: 


Manager adheres to a style which 
highly values: 





Analysis, consistency, 


and planning 


Other qualities 





Analysis, 
consistency, 
and planning 
Other 
qualities 


thinking aid is 
most pertinent 
I 


other types of 
aids are most 
pertinent 

Ill 


thinking aid is 
most pertinent 
I] 


other types of 
aids are most 
pertinent 

IV 





II). In the other two cases (quadrants III and 
IV) consistency will not be a priority concern 
as a quality to be found in a decision aid. In 
quadrants I and IV _ style enhancement is 
viewed as the most pertinent criterion for deci- 
sion aid design, while in quadrants II and III 
style complementarity (or ‘filling the gap’) is 
viewed as most pertinent. 

Following the hypothesis that decision aids 
are differentiated, three types of criteria will be 
examined: style enhancement, complementar- 
ity and ‘filling the gap’. In the remainder of the 
paper we will first clarify a working hypothesis 
with respect to the style of marketing manage- 
ment, then look at the phenomenology of what 
is perceived as an aid among marketing 
managers and, finally, come to the conclusion 
that the managers in this study accord the 
highest priority to the complementarity cri- 
terion. The paper ends with some limitations 
inherent in this study and with issues to be 
examined in further research. 


DESIGN CRITERIA AND THE 
DOMINANT STYLE OF 
MARKETING MANAGEMENT 


Following Mason and Mitroff’s and De 
Waele’s articles [2,6], the Jungian psychologi- 
cal functions can be used to characterize the 
dominant style of marketing management. In 
accordance with the reasoning followed in De 
Waele’s paper [3], we adopt as a working hy- 





' A Myers-Briggs Type Indicator was administered to 
the 23 marketing managers who participated in this study. 
Thinking was present in the type constellation of 19 
managers, Intuition was present 13 times, Sensation 10 
times, and Feeling 4 times. When compared to a base 
population this result appears to be statistically significant 
with a probability value smaller than 0.001. 


pothesis that marketing management can be 
typified by the extraverted thinking function and 
that analysis, consistency and planning are 
among the highest valued style characteristics. 
This working hypothesis is consistent with the 
literature in analytical psychology. Von Franz 
called the extraverted thinking type the “organ- 
izer” [10]. Others call him the type who is 
“competent at planning and organizing” [8]. 
He “organizes facts, situations and operations 
well in advance and makes a systematic effort 
to reach his carefully planned objectives on 
schedule... He enjoys being an _ executive 
...He likes to decide what ought to be 
done” [1]. The extraverted nature of the mar- 
keting management activities is evident from 
their primary relation with and concentration 
on, the market as well as from the ability to 
motivate other people; the thinking nature is 
inherent in planning, organization and analy- 
SiS. 

Even so individual marketing managers can 
be expected to differ. Some will tend more 
towards introversion, others will tend to be 
closer to the sensation or intuition function. 
These interpersonal differences in no way 
detract from the validity of the foregoing work- 
ing hypothesis. The latter refers to the general 
image of the profession. The former refer to the 
psychological style of persons operating in the 
profession’. In the interpretation of the 
material below we will make use only of the 
general image, not the individual differences. 

Before looking at the phenomenology of the 
aid construct, the consequences of this working 
hypothesis for design criteria need to be clari- 
fied. If thinking is the dominant quality in the 
style of managers, then the criterion of style 
enhancement would point to assisting this most 
differentiated function: assisting the logic, con- 
sistency and objectivity of their thinking (that 
is, thinking aids). The criterion of style comple- 
mentarity would point to assisting the pro- 
fession’s auxiliary functions, in particular 
assisting the here-and-now data perception 
(sensation aids) and assisting the creative per- 
ception of possibilities and potentialities (stimu- 
late capacities for imagination or intuition 
aids). The criterion of ‘filling the gap’ would 
mean assisting the feeling function (subjective 
valuation) which is the profession’s least differ- 
entiated function. 

The question which is now of interest is 
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which criterion managers value most. One way 
to answer that question is to look at the 
phenomenology of the aid construct, i.e. ask 
the question: what is it that managers perceive 
as the most valuable, most important kind of 
help? This is the subject of the next section. 


PHENOMENOLOGY OF THE 
AID CONSTRUCT 


The purpose of the inquiry described here 
was to let managers speak for themselves as to 
what they felt constitutes help in their decision 
making. In an effort to get the essence of help 
into a_ better focus, the question was 
approached from four different angles. Twenty- 
three marketing managers responded to four 
different questions during a semi-structured 
field interview. Three of the questions are 
open-ended and one involves a choice of 
answers. The questions were formulated as fol- 
lows: 


(1) What is the easiest part of the job, for you 
personally? 


(2) What is the most difficult part of the job, for 
you personally? 


(3) Ideally, assuming there are no constraints 
whatsoever (organizational, technical, per- 
sonal etc.), what could help you in your deci- 
sion making? (The notion of ‘decision mak- 
ing’ was not explained to them since it was 
hoped to capture to the fullest extent the 
individual outlook of each manager, includ- 
ing the kinds of problems he tends to focus 
on. Furthermore, the question asks for the 
ideal so that: (a) the manager does not feel 
that he would be ridiculed for any of his 
answers; and (b) he does not feel con- 
strained by company operating procedures 
or known technical capabilities.) 


What could help you most in your decisions 
and activities? Something that allows you 
to: 

have more clarity in the relationships 
between all the marketing elements that 
you control and the market response to 
them (A)? 

-get better, faster or more data about the 
market, competition etc. (B)? 
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—be more aware of what other people 
think and/or have better relationships with 
field sales, colleagues etc. (motivational, 
communication etc.) (C)? 

—make your decisions more objective, con- 
sistent and logical (D)? 

—none of the above (explain)? 


The assumption behind this last question is 
that (A) is an example of an intuition aid, 
(B) of a sensation aid, (C) of a feeling aid 
and (D) of a thinking aid. There is no doubt 
that each type of aid is much richer than 
the four elements used here; they merely 
provide one example of what is possible. 


The responses to these four questions are 
given, in short form, in tables 2 to 5 below. All 
responses were categorized as mostly related to 
thinking, feeling, sensation or intuition. Let us 
look at the responses to each question in turn. 

The first two questions were concerned with 
those parts of the job which marketing 
managers found easiest and which most diffi- 
cult. When the managers’ spontaneous re- 
sponses were categorized by the psychological 
function which is most heavily involved, then 
the following observations can be made from 
Tables 2 and 3. (1) For 16 out of 23 managers 
the easiest part of the job is thinking-related. 
Only very few responses (2 and | respectively) 
are categorized as sensation- or intuition- 
related (the latter functions are perceptive 
rather than judging). (2) Only five out of 23 
managers state a thinking-related item as the 
most difficult part of the job. However, seven 
mention a feeling-related item and six and five 
respectively state a sensation- or intuition- 
related item (i.e. half of the managers consider 
the most difficult part as perceptive rather than 
judging). When we compare these facts with 
the hypothesized collective type-image of mar- 
keting management (extraverted thinking) then 
for 70% of the managers the easiest part of the 
job is directly related to the dominant quality 
of the job. For 78% the most difficult part is 
related to complementary or least differen- 
tiated functions. 

The last two questions are more directly 
related to a form of help in decision making or 
to the aid construct. It is apparent from Table 
4 that the ideal form of help is seen by most 
managers as_ sensation-related (65% of all 
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TABLE 2. THE EASIEST PART OF THE JOB (PERSONALLY) AS REPORTED BY 23 MANAGERS 





Item? 


(categorized by psychological function) 


Number of managers 
mentioning the item 
(total 23) 





Thinking-related 


16 


Organization/development of programs, 


plans or products 

Analytical work (e.g. search for best 

alternatives, analyze situation in the 

market place) 

Planning of strategy 

Isolating (finding) the problems, 

diagnosis 

Conceptualizing 

Understanding the markets 

Accomplish mission/objectives 
Feeling-related 

Personnel relations 


Motivating people to work hard on a 


product 
Selling my ideas 
Sensation-related 


Keep the files and factbook organized 


and up to date 

Sales projections 
Intuition-related 

The creative side 


I 





? If the person mentioned more than one item, the first one mentioned appears in 


the table. 


managers); only very few (13%) mention an 
item which is predominantly thinking-related. 
The sensation-related ideal help can be further 
characterized in three main groups: (1) a better 
presentation of information; (2) better or more 
information, and (3) faster information (for 
example, feedback). Question 4 (Table 5) gives 
less options to the managers but the observa- 
tions point in the same direction as for ques- 
tion 3; most managers found the sensation- 
related form of help most pertinent (17 out of 
20 chose it as first or second choice), followed 
by the intuition-related help (13 out of 19). 
Only six out of 18 chose the feeling-related aid 
and three out of 18 the thinking-related form of 
help as first or second choice. The next section 
presents some conclusions, some of the limita- 
tions of this study and directions for future 
research. 


COMPLEMENTARITY AS DESIGN 
CRITERION 


Four interesting conclusions seem to be in 
order. First, when improvement of decision 


making is the issue, managers can and do 
define their own criterion. 

Secondly, in this study marketing managers 
spontaneously defined their criterion as comple- 
mentarity: help in decision making is provided 
by a quality that is complementary to the one 
inherent in the predominant world view of the 
job. Given our working hypothesis that mar- 
keting management adheres to a style which 
values highly consistency (the extraverted 
thinking function), the manager finds that it is 
more valuable for him/her to strengthen quali- 
ties provided by the perceiving functions: sen- 
sation and intuition. The situation corresponds 
to quadrant III in Table 1. On an additional 
question ‘which one of the four forms of help 
(see table 5) would best complement their own 
skills’ eight chose A (the intuition aid), four 
chose B (the sensation aid), six indicated that C 
(the feeling aid) was most complementary. The 
important observation, however, is that not 
one manager chose D (the thinking aid). The 
failure of thinking-related aids to capture the 
managers enthusiasm is quite remarkable. 
However, this outcome is not surprising to stu- 
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TABLE 3. THE MOST DIFFICULT PART OF THE JOB (PERSONALLY) AS REPORTED BY 23 
MANAGERS 





Item 
(categorized by psychological function) 


Number of managers 
mentioning the 
item (total 23) 





Thinking-related 
Prioritizing 


Coming up with the best marketing plan 


Reflect on conceptual things 


Correctly identiftying the right problem 


Feeling-related 
The reliance on other people (e.g. to 
follow through a particular plan) 
Getting the salesforce to accept and 
execute effectively my program 
Communicate with field sales people, 
understand their needs 
Getting myself excited enough and 
interested in projects which normally 
I do not like to do 


Sensation-related 


Getting all the information (including 


cost information) 


The intelligence system (making decisions 


on the basis of inaccurate data) 

Forecasting accurately 

Day to day routine matters 

Adapt a plan to new requirements 
Intuition-related 

Evaluating creative 


The high degree of uncertainty that goes 


with any action 


Knowing what competition is going to do 


(e.g. in developing strategy) 
Maintaining adequate research 


To maintain quality in view of quantity 





dents of the implementation of such aids in the 
marketing management environment. 
Thirdly, in operational terms these findings 


suggest that data gathering/display and 
measurement have a higher importance for 
most managers than e.g. mathematical program- 
ming (where we consider optimization to have 
a judging as opposed to perceiving quality). 

Fourthly, the sense in which complementar- 
ity is preferred as a criterion seems to relate to 
its priority. It seems that the result obtained 
here does not imply that thinking aids will be 
rejected in the marketing management environ- 
ment but that, as several managers pointed out, 
their priority lies elsewhere and if two kinds of 
decision aids compete for a manager’s budget it 
is clear where the budget will be speni. 

There are several features which tend to limit 
the scope of this study. (1) The concept of a 
decision aid used here is based on a narrow 


managerial view as opposed to a systems view. 
The systems view would want to examine the 
systems implications of marketing manage- 
ment, for example for consumers or for the 
world as a whole. Here we took into accour.t 
only the view of the marketing management 
culture on what helps them in their decision 
making. (2) We have not looked at individual 
differences between managers with respect to 
psychological functions. Rather we have 
looked at the collective role. There are at least 
two reasons for doing so: (a) the sample is too 
small to permit any comparisons between indi- 
vidual styles and individual definitions of 
‘help’; and (b) the Myers—Briggs Type Indi- 
cator is a rather crude measuring instrument 
for the psychological functions. (3) The 
research was limited to marketing manage- 
ment; its geographic limits are Northern Cali- 
fornia marketing companies. (4) The order of 
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TABLE 4. IDEAL FORM OF HELP IN DECISION MAKING, AS REPORTED BY 23 
MANAGERS 





Number of 
managers 
mentioning the item 
(total 23) 


Item 
(categorized by psychological function)? 





Thinking-related 3 
More time to analyze before making a decision 
More analytical assistence 
More detailed analyses (verify the assumptions) 


Feeling-related 
Sensation-related 


(1) Better presentation (organization of information) 
Condensed information accessible by console 
instead of paper reports 
Better presentation of available analyses 
A system to present the available information 
so that it would be more organized, more 
meaningful for assisting in decisions 
A format that would permit as much information 
as possible on one big page or graph in order 
to track everything, see the interactions at once 
A format that would make information readily 
usable (to avoid having to put it together in 
my mind to make it usable) 

Random access to a data bank 


(2) Better or more information 
The best set of facts available 
Much more consumer information on a regular 
basis 
Climb inside every consumer’s mind and find out 
what he or she is thinking 
More complete knowledge of all the competitive 
factors 


(3) Faster data 
More rapid feedback of results of programs or of 
what my brand is doing versus competition 
Getting information faster, on a real time basis 
On-iine access (real time) to market data for 
any market 
Intuition-related 
More research into how things are operating (the 
substitution framework of my product, the 
trade’s perceptions... .) 1 


Something to tell you the risk (probability-index) 
for various decisions 1 





> Three items remained uncategorized. All three are related to ‘more 
freedom and latitude of action’. 


the response options for question 4 remained _ reasons behind managers’ valuation of comple- 


the same for all managers. It may be argued 
that the options should have been rotated. 

In general, the observations made here seem 
to indicate clearly the direction in which future 
decision aid research could go if it is to be 
manager-oriented. Depending on the research 
orientation one wants, there are at least four 
pertinent questions: (1) Can we generalize the 
complementarity criterion, or does it depend 
on certain types of problems? (2) What are the 


mentarity as a criterion rather than style en- 
hancement (for example, does he perceive 
thinking-related aids as an encroachment on 
his domain of expertise or does he simply con- 
sider that perception-related aids constitute a 
more efficient use of his resources)? (3) What 
particular kinds of perception-related aids does 
the manager consider helpful? (4) Does it make 
a difference whether we focus on the style of 
the ‘managerial role’ people find themselves in 
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TABLE 5. ITEM THAT WOULD HELP MANAGERS MOST (FROM FOUR SUGGESTED), AS REPORTED 
BY 23 MANAGERS* 





Item 
(categorized by 
psychological 
function) 


Total 
number 


Number of managers choosing as 





First Second Third Fourth 





Thinking-related 
(D) Make your decisions 
more objective, consistent 
and logical 
Feeling-related 
(C) Be more aware of what 
other people think and/or 
have better relationships 
with field sales, colleagues 
etc. (motivational, 
communication etc.) 
Sensation-related 
(B) Get better, faster, or 
more data about the 
market, competition, etc. 
Intuition-related 
(A) Have more clarity in the 
relationships between all the 
marketing elements that 
you control and the 


market response to them 19 


Total 


5 8 3 k 
22 17 19 17 





*Not all managers responded to this question. In addition, the irregular number 
totals in rows and columns are due to the fact that (1) some responses were incomplete 
(e.g. only first and second choices were shown) and (2) some responses indicated two 
items as first choice and two as third choice. 


or whether we focus on ‘individual’ style differ- 
ences? 
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To manage its manpower, the organization must be informed about its internal dynamics and about 
the dynamics of its environment. This involves the monitoring of internal personnel movements and 
the analysis of external supplies. The internal situation can largely be controlled through hirings, 
promotions, internal transfers, redundancies and retirement planning. The problem is precisely to 
plan and control these interrelated activities in order to achieve a stable organization capable of 
meeting its objectives. The influence of the environment, through the economic situation, legislation, 
competition and other factors complicates the problem further. To assist in the planning and control 
of these activities, the organization can have recourse to models that are either descriptive (Markov 
chains, renewal models) or normative (linear and goal programming, network methods, stochastic 
programming). Having reviewed a number of modeling approaches the authors are able to draw 
certain conclusions as to their applicability for solving various practical problems. 


INTRODUCTION and about the. dynamics of its environment. 
This involves the monitoring of internal per- 
sonnel movements, and the analysis of external 
supplies. Part of the internal dynamics is 
beyond the control of the planner since attri- 
tion, for example, results from individual deci- 
sions rather than organizational decisions. The 
internal situation can, however, largely be con- 
trolled through hirings, promotions, internal 
transfers, redundancies and retirement plan- 
ning. The problem is precisely to plan and con- 
trol these interrelated activities in order to 
achieve a stable organization capable of meet- 
ing its objectives. The influence of the environ- 
ment, through the economic situation, legisla- 
tion, competition and other factors complicates 
the problem further. Before looking at how the 
organization can be modeled, various aspects 
Birgu rages ae as - pr ns na of the overall planning problem will be exam- 
erating andthe contol of anes ae beyond the SSE ined using. terminology familiar to human 
example, references [15, 22, 24]. resource planners. 
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PROBLEMS IN human resource planning have 
been treated extensively in the literature on 
management science. It is the aim of the 
authors to outline those problems that affect 
the whole of the organization over the long 
term, and to classify and comment on available 
solution techniques. Such strategic problems 
are generally dynamic and involve parameters 
that may be uncertain’. 

The problem most often encountered in this 
literature is the planning and control of grade 
sizes. This is the problem of providing the 
quality and quantity of manpower that will 
permit the organization to fulfill its objectives. 

To manage its manpower, the organization 
must be informed about its internal dynamics 
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The control of promotions is a difficult area in 
many organizations. In some cases it is only 
necessary to ensure that promotions are not 
accorded at a rate that would cause the higher 
grades to become top-heavy, but in others it is 
also necessary to attempt to equalize promo- 
tion rates among different divisions or occupa- 
tional classifications. 

Internal transfers are sometimes used as a 
device to broaden the experience of personnel 
or simply to meet the demands of a changing 
situation. If transfers are frequently used for 
these or other reasons, it can become difficult 
to evaluate the impact on grade sizes and on 
the promotion rates of the individual. 

Policies on promotions and transfers are di- 
rectly linked to succession planning and career 
planning. Succession planning is the problem of 
ensuring that senior or key posts in the organ- 
ization will always have suitable occupants and 
can be necessary either for individual positions 
or for an entire class of posts. Career planning 
attempts to guide new employees with high 
potential or with a needed skill in their choice 
of assignments within the organization. The 
aim of this guidance is to assist the individual 
in his personal development as well as to make 
the best use of his skills from the point of view 
of the organization. 

Both succession planning and career plan- 
ning, which in a sense are complements, will 
have an impact on hiring and training policy. 
The determination of hiring criteria and the 
establishment of internal training programs are 
related to the classical ‘make or buy’ problem. 
This consideration is also related to the control 
of grade sizes, since access to some grades may 
be linked to qualifications. A further related 
question is that of whether to hire specialists 
(and broaden their horizons) or generalists 
(and give them specific training). 

Redundancies are sometimes necessary in any 
organization, however because of the disturb- 
ance that they cause both to the life of the 
individual and to the life of the organization, 
they must be planned carefully. It must be 
established, through careful calculation, that 
the personnel released are indeed no longer 
needed. More than one organization has given 
the ‘golden handshake’ to a part of its work- 
force, only to discover a short time later that 
they were needed and had to be re-hired. 

The establishment and operation of fair 
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employment practices has become a major 
problem in many western countries today. The 
United Kingdom has passed some of the most 
stringent legislation regarding women and 
racial minorities, in Canada legislation and the 
regulations of the public service cover the hir- 
ing of linguistic as well as racial minorities, and 
in the United States the ‘equal employment 
opportunity’ legislation is well known. In some 
cases it is sufficient to be able to demonstrate 
non-discrimination in hiring to comply with 
the law, while in others it is, in addition, 
necessary to ensure that the composition of the 
workforce meets some specific targets by a 
given year. 

Compliance with fair employment legislation 
requires the monitoring of turnover and the 
establishment of programs to control or 
modify it. The management of turnover, then, 
is a problem that most organizations face. It 
should be noted that while some organizations 
seek to reduce turnover and induce more stab- 
ility in the workforce, others seek to increase 
controlled turnover to reduce promotion 
blockages or to reduce the size of the work- 
force. In this context another factor which can 
be used to control the stock of personnel is the 
retirement plan of the organization. 

In order to plan properly for future con- 
tingencies, it is often necessary to make fore- 
casts of the supply of specialized personnel. 
This usually involves demographic and labor 
mobility considerations [1 ]. 

The management scientist can design deci- 
sion processes that will allow planners to make 
use of all the information that they possess and 
to help make known through the planning pro- 
cess the constraints under which the planners 
must operate and the objectives that they wish 
to meet. Since many of the problems that have 
been discussed are interrelated, the manage- 
ment scientist can show, through modeling, the 
effects of a ‘solution’ to one problem on the 
constraints of another. 


MODELING AS AN AID TO 
HUMAN RESOURCE 
PLANNING 


In assisting the planner, the management 
scientist is faced with the usual design problem 
of including sufficient characteristics of the or- 
ganization in the model to attain the required 
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degree of realism without reaching a level of 
complexity such that the model is as difficult to 
understand as the organization itself or that 
computations become expensive and burden- 
some. 

While not forgetting the individuality of each 
member of an organization, the first step in 
modeling is usually to divide the workforce 
into subgroups that are homogeneous accord- 
ing to those characteristics to be treated in the 
model. Personnel can, for example, be classified 
according to their occupation and grade and 
each occupation/grade combination is called a 
state. The set of states defines a state-space and 
a vector of stocks is used to represent the 
numbers in each state. 

It is at the point where it becomes necessary 
to describe how personnel move between states 
that the model types diverge. Descriptive 
models can be constructed to imitate the be- 
havior of the actual organization, and so per- 
mit the testing of various policies. This paper 
will cover the main types of descriptive models 
found in the literature: Markov models, frac- 
tional flow models and renewal models”. Nor- 
mative models prescribe a course of action 
from among a set of feasible solutions ident- 
ified by the model itself, according to a cri- 


terion specified by the planner. Linear pro- 
gramming, goal-programming, stochastic pro- 
gramming and network methods can be used 
in the construction of normative manpower 
models. 


This brief article could not attempt to cover 
all the literature on the modeling of manpower 
systems, however, a number of books and 
articles of general interest must be mentioned. 
A series of books [7, 14,37,41] reporting the 
proceedings of NATO-sponsored meetings on 
human resource planning contains many illus- 
trations of the use of diverse methods and 
models. In addition, Bartholomew [2], Bartho- 
lomew and Smith [5], Bartholomew and 
Forbes [3], Bartholomew and Morris [4], 
Charnes, Cooper and Niehaus [11], Grinold 
and Marshall [19], Niehaus [28] and Vajda 
[39] have published books on specific areas of 





? Simulation models, using specialized languages such as 
GPSS, DYNAMO and so on could be classified as descriptive 
models, however the simulation methodology usually leads 
to models well suited to the particular situation but with- 
out a great deal of generality. For this reason, they have 
been excluded from this review. 
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the mathematics of manpower planning. The 
RAND Corporation carried out and published 
an in-depth study [21] of various models while 
Lewis [22] and Piskor [31] compiled biblio- 
graphies on mathematical techniques for man- 
power planning. 

Other papers will be cited to illustrate the 
use of particular techniques and approaches to 
practical problems. 


MODELING THEORY AS USED IN 
PRACTICE 


Descriptive models 


If the first step in the modeling process is the 
establishment of a state space, the second is the 
choice of a description of how people ‘flow’ 
between states. One must describe how promo- 
tions, transfers and so on occur. 

These flows, when calculated as proportions 
of people in each state lead to fractional flow 
models [19]. Fractional flow models become 
Markov chain models [2] if one assumes that 
the proportions are, indeed, probabilities. 

Where x(t) is the stocks vector that is 
observed at time t, n(t + 1) is the number of’ 
entrants at time (tf + 1), p is a vector showing 
how these entrants are distributed among the 
states of the system and P is the matrix of tran- 
sition proportions among states, the expected 
stocks vector at time (t + 1) is x(t + 1) and is 
given by the matrix equation: 


x(t + 1) = x(t)P + n(t + 1)p (1) 


Repeated application of this equation, or 
equivalent mathematical procedure, 
forecasting of the stocks vector for later points 
in time. These models may be thought of as 
‘push’ models, since the state vector at a par- 
ticular point in time is determined by the 
number of people ‘pushed’ from the previous 
state vector into the various states by the 
Markov matrix. 

Grinold and Marshall [19,ch.2] show how 
a simple variant of equation (1) was used in the 
forecasting of the size of the student body at 
the Berkeley campus of the University of Cali- 
fornia and of the distribution of the enrollment 
in the four years of study. Bartholomew and 
Forbes [3, ch. 6] show how this model can be 
used to study the effect of changing promotion 
and career patterns on the age distribution 


allows 
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within grades of a hierarchy. They have applied 
this type of approach in their work with the 
UK Civil Service (See also Bartholomew’s 
paper in [14, pp 81-90]. Price [34] shows how 
a fractional flow model can be used to accu- 
rately forecast the total turnover in a large or- 
ganization. Heneman and Sandver [20] have 
recently reviewed a number of applications of 
this model type. 

In many situations it is more appropriate to 
construct ‘pull’ models that determine the flows 
in the system as a function of a desired stocks 
vector, rather than to observe the stocks vector 
that results from assumptions on the propor- 
tions of stocks that will flow from one state of 
the system to another. Renewal models can be 
used to describe this situation. Figure 1 shows 
a simplified hierarchical structure that will be 
used to illustrate the nature of such models. 

Let the desired number in each state be x,, 
xX, and x3 respectively and let this number be 
fixed for each time period. Let new hires in a 
given time period be h(t) (for simplicity, hiring 
is supposed to take place at the lowest level 
only) and let promotions between levels be 
denoted /f;,(t) and f,3(t). Wastage can be esti- 
mated and is noted w,(t), w(t), and w;,(t). In 
order to maintain the desired stock levels, the 
flows must then satisfy the equations: 


¥3(t + 1) = x3(t) + fo3(t + 1) — w(t); 


X(t + 1) = x2(t) — fo3(t + 1) + fpr(t + 1) — w(t): 


X(t + 1) = x,(t) — fyo(t + 1) + A(t) — wy (0). 


In these equations, only the f-variables and 
h(t) are unknown, since the wastage is esti- 


4 STATE 3 
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Fic. 1. A simple hierarchy. 
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mated externally and x,(t), x(t) and x,(t) are 
supposed known. The set of equations can then 
easily be solved by starting with (2) and pro- 
ceeding to (4). 

More complex versions of this model can be 
constructed to account for hiring at all levels, 
multiple job classifications leading to a number 
of vertical career streams and other practical 
considerations. Versions of this type of model 
that permit the evaluation of the x-variables in 
continuous time rather than at fixed points are 
described in Bartholomew [2]. 

Bartholomew and Forbes [3] show how 
renewal models can be used to study career 
patterns and contrast these results with those 
that can be obtained from Markov models as 
previously mentioned. Piskor and Dudding 
[32] describe the incorporation of a renewal 
model in a conversational program in use for 
the planning of grade sizes, hiring and transfers 
in the Canadian Public Service, and Butler [8] 
has studied the problem of equalizing promo- 
tion rates in different classifications of the UK 
Civil Service. Stewman [38] compares the per- 
formance of Markov and renewal models in a 
number of cases. 

Grinold and Marshall [19] have described a 
class of longitudinal flow models in which it is 
supposed that entrants to the system belong to 
one of K ‘chains’. Each chain describes the car- 
eer progression of its members. For example, in 
a two year college, students who don’t fail any 
courses are in a chain ‘Year 1—Year 2’, and 
students who fail may be in chains ‘Year 
1-Year 1-Year 2’ or ‘Year 1—Year 2-Year 2’. 
Sufficient chains are enumerated to allow a 
reasonably complete description of the flows in 
the organization. Where the system has N 
classes, and K chains have been enumerated, a 
series of N x K matrices P(u) are specified to 
show the distribution of individuals in the K 
chains over the N classes in the uth time period 
in which they are counted. If the number of 
new entrants is g(t) in period t, the total stock 
in class i at time t is given by: 

N K 

S,(t) = ¥ 3 Pi (u)g,(t — u). 

u=Ok=1 
Longitudinal flow models require more data 
(to estimate the series of matrices P(u)) than the 
fractional flow models, however if such data 
are available, it can be expected that they will 
more accurately reflect the evolution of the sys- 





Omega, Vol. 8, No. 6 


tem. Grinold and Marshall report applications 
of these original models within the US Navy 
and Marine Corps and to data drawn from 
student registrations at the Berkely campus of 
the University of California [19, ch. 3]. 


Normative models 


The previous manpower planning models 
are descriptive in nature and are typically used 
to forecast manpower requirements or to study 
the effects of various policies on the manpower 
systems. Normative models take the next step. 
They start from forecast requirements and sug- 
gest a set of personnel management decisions 
that will attain required goals in a manner that 
is optimal according to some stated objective 
function. 

Many normative techniques have been used 
in manpower planning models; however, the 
most popular has certainly been linear pro- 
gramming and its extensions. In such a model, 
a set of basic accounting equations, similar to 
(2), (3) and (4) are established to describe the 
relationship between stocks and flows. In this 
type of model, however, the x-variables are not 
fixed, but still remain to be determined. Other 
constraints can be placed on the stocks and 
flows to describe, for example, labor market 
restrictions on the numbers that can be hired 
(this may require a supply forecasting model), 
budgetary limitations, upper and lower bounds 
on the stocks in various states, the desired ratio 
of the stock in one state to the stock in 
another, and so on. An objective function is 
then specified. For example, one may wish to 
minimise the sum of hiring, training, shortage 
and salary costs over a number of years. Math- 
ematically, the constraints may be expressed in 
the matrix equation: 

Ax = b, (x > 0) (5) 


where A is the matrix of the coefficient of con- 
straints, x is a column vector of decision vari- 
ables (stocks, promotions, hiring) and b is the 
vector of data concerning bounds on stocks, 
ratios between stocks in various states, and so 
on. The objective function can be expressed as: 


Minimise ex (6) 


where ¢ is a row vector of costs. 





* The concept of goal programming is due to Charnes & 
Cooper [9] who presented, with Niehaus, the first man- 
power planning applications of the technique 
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Purkiss [36] describes a linear programming 
model that was used to help derive training 
budgets for manpower in the British steel 
industry, while Morgan [27] and Clough, Dud- 
ding and Price [13] use this framework in 
studies of the Royal Air Force and the Canadian 
forces respectively. One of the particular prob- 
lems addressed in [13] was the control of train- 
ing costs associated with the supply of special- 
ized personnel (pilots). 

In their text, Grinold and Marshall [19] 
show how optimizations similar to these can be 
based on their longitudinal models. 

A major objection to these approaches is 
that in personnel planning, objectives are mul- 
tiple and only rarely would one wish to drive 
an entire manpower system according to a 
single narrow objective. 

Where it is necessary to take into account 
more than one objective, the goal-programm- 
ing* modeling technique can be used. In goal- 
programming, each objective (costs, promotion 
rates, hiring quotas, etc.) is included as a con- 
straint which should be satisfied within a range 
satisfactory to the decision-maker, that is to 
say a ‘goal’. The objective function takes the 
form of a minimization of the weighted sum of 
the deviations from the stated goals. The 
weights express the importance of various con- 
straints and sub-objectives according to priori- 
ties expressed by the one or several decision- 
makers involved. Empirically, the results 
obtained with these models have been good, 
despite the lack of any deep theoretical justifi- 
cation for the way in which the objective func- 
tion weights are obtained. Their determination, 
to a large extent, has been justified by manage- 
ment in terms of the structure of the given or- 
ganization and society within that organiz- 
ation. Mathematically, the programs obtained 
have the form: 


minw’y' +Ww y 
subject to 

Ax + ly’ —lIy° =b 
where y” and y_ are column vectors of discre- 
pancies from the stated goals and where w’ 
and w” are the corresponding row vectors of 
penalty weights. 


Charnes, Cooper and Niehaus [11] describe 
the results of a number of years of application 
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of goal-programming models to the civilian 
and military personnel of the US Navy. They 
treat a variety of problems, related to the con- 
trol of grade sizes. In a further paper, Charnes, 
Cooper, Lewis and Niehaus [10] model the US 
Navy system with a view to planning for fair 
employment practices (‘Equal Employment 
Opportunities’). Price and Piskor [35] describe 
a successful application of goal programming 
to the planning of hirings and promotions in 
the Canadian Armed Forces. 

The latest generation of normative man- 
power models uses network algorithms to per- 
form the optimizations within the models. The 
main advantage of the network codes is their 
speed, however, the network model itself is 
often more graphic and easier to describe to 
non-technical people than other normative 
models. Gorham [17] describes an early appli- 
cation of network technology to the planning 
of hiring, training and re-training of personnel, 
and Price [33] showed how the military prob- 
lem of [35] can be re-cast into network terms. 
Billionnet [6] has applied this technique of 
modeling for the definition of personnel 
policies at the Régie Nationale des Usines 
Renault, and has incorporated the model in an 
interactive computer program for policy test- 
ing. Other applications of network technology 
are certain to follow in the coming years. 

Planning involves a consideration of the 
future and since the future is rarely known with 
certainty the use of deterministic models such 
as the ones described in the previous para- 
graphs may not be appropriate. In manpower 
planning problems, the supply of qualified per- 
sonnel is often uncertain and, for later years, 
the demand for personnel, the available bud- 
gets and so on may very well be random. Pro- 
babilistic programming models have been de- 
veloped by Charnes, Cooper and Niehaus and 
Sholtz [12] for the US Navy and by Martel 
and Price [25] for the Canadian Armed 
Forces. 

Dynamic programming techniques also pro- 
vide a natural way of obtaining integer solu- 
tions to manpower planning problems (e.g. 
Nuttle [29]). Markov programming is an 
extension of the approach which permits the 
optimization of manpower policies directly 
from the Markov chain models already dis- 
cussed (e.g. Grinold [18], Wagner [40]). Barth- 
olomew [2] also presents optimal control 
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theory models which exploit this basic struc- 
ture. Although these techniques are concep- 
tually appealing, they lead to mathematical 
programs which are difficult to solve. 


CONCLUSIONS 


Mathematical models for manpower plan- 
ning have been appearing regularly in the 
literature since the early and mid-fifties and a 
number of books and anthologies of research 
papers have been published in recent years. An 
examination of this literature shows that the 
majority of the papers have been written by 
practitioners or by academics who are report- 
ing empirical studies. Thus the persistance of 
such articles in the literature, their number, 
and their source show the extent to which the 
techniques described have found considerable 
practical application. 

A pertinent question is to ask which type of 
model is most appropriate in which situation. 
In practice, a number of factors will have to be 
taken into account, not the least of which are 
the availability of data, the familiarity of the 
modeler with one or another of the techniques 
and the availability of software and computing 
power. Notwithstanding these considerations a 
number of general remarks can be made. The 


fractional-flow or Markov models would seem 


to be most appropriate for systems in which 
personnel movements between states are gener- 
ated largely by the individuals and as such are 
not specifically controlled. It is then reasonable 
to speak of the ‘proportion’ of individuals who 
will move from one state to another, or the 
‘probability’ that an individual will make the 
transition. The model can then be used as a 
forecasting tool to describe the future behavior 
of the systems. 

Renewal-type models are most appropriate 
where grade size is closely controlled within 
the organization and where promotion and hir- 
ing decisions are made only to fill vacant pos- 
itions. In many situations, this type of model 
can be used to examine various policies (for 
example, concerning different growth rates) 
and to evaluate the results of their application 
on system parameters such as promotion rates, 
length of stay in grade and so on. 

In organizations where costs are an overrid- 
ing factor or where conflicting objectives must 
be resolved optimization models (linear pro- 
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gramming, goal-programming, etc.) are poss- 
ibly the best approach. They require, however, 
more care in their formulation and more 
sophisticated software and computing facilities. 
Optimization models are also useful in situ- 
ations where complex constraints must be 
taken into account. 
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A case study of a discrete multiobjective problem using the ‘Indifference Band’ approach is 
presented. An outranking relation among the various alternatives was obtained and compared with 
the management's own ranking. It was found that the ‘Indifference Band’ approach can be used in 


ranking procedures. 


INTRODUCTION 


IN ANALYZING decision problems we usually 


envisage a decision maker (DM) and a research 
worker (RW). The RW manipulates the techni- 
cal data, extracts information from the DM 
and generates a set of decision alternatives. the 
DM should select the best alternative, which is 
evaluated but its outcome or its performance. 
There are m different functions f; j = | 

that measure the performance, these are known 
as the criteria functions. 

In situations where m = 1, the problem of 
finding the best decision becomes an optimiza- 
tion problem. If the number of criteria exceeds 
one, then the problem is a multicriteria one. 
There are multicriteria problems which are true 
multicriteria, e.g. the problem of selecting a car 
where the criteria are price, comfort, speed and 
beauty [4]. Here the various criteria are non 
commensurable and a solution can be found 
through exploring the DM preferences. On the 
other hand, there are single criterion problems 
that are transformed into multicriteria ones 
because converting each criterion to units of a 
universal criterion, requires a great deal of 
effort without gaining any additional insight 
into the problem. 
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The problem analyzed in this paper suits the 
second category. The following citation, due to 
Saaty [5], may be used as a rationale to the 
approach adopted . The boundaries of 
properties and even objects appear fuzzy 
because they are part of a continuum boun- 
daries merge into one another...”. The rele- 
vance of this citation to the method adopted in 
the paper becomes clear with the following bi- 
criteria example. Consider a decision problem, 
where the criteria are income and prestige. 
Assume that a trade off curve exists, Fig. |. 
Accordingly it is possible to measure prestige 
in money units and vice versa. In this case, the 
bicriteria problem is transformed into a regular 
mathematical program where a single function, 
a(f; + h(f2)), called the utility function, is max- 
imized (a is some positive constant). The utility 
function for the case described in Fig. | is given 
in Fig. 2. 

The graph (f2, A(/2)), Fig. 1, divides the plane 
into two sets: the points below and those 
above the graph. Let (/f,f%) be any point 
located below the graph. Here, h( f%) > f* and 
the worth of f¥ units of prestige is therefore 
higher than that of ff units of income. This will 
be denoted by ff </f¥ (read the value of ff 
is less than the value of f%). The situation is 
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Fic. |. The trade off curve for the example. 


reversed if one considers points above the 
graph. 

Figures | and 2 represent an ideal situation; 
in reality f, < f, exists among the points which 
are located below the graph (f2, h(/2)), but 
which are also not too close to it, Fig. 3. Simi- 
lar conditions exist for the relation f, </f, 
defined for the points located above the graph. 
Thus, instead of having a graph, one has a 
band, the Indifference Band, where indifference 
occurs, i.e. not (f; <f2) but also not (f, </f;). 

Prestige is a fuzzy concept. It is an aggrega- 
tion, or more specifically a hierarchy of various 
properties of different importance and the DM, 
in this case, may be willing and able to com- 
pare only some pairs of decisions, while for the 
others he may find the comparison difficult and 
therefore declines to commit himself. 

The width of the indifference band measures 
the degree of fuzziness of the two mentioned 
sets i.e. 


(fi. f2)|not (fz <fi)} (fi. f2)|not (f, <f2)}. 


u=lO(f,+ hf.) 
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Fic. 2. The utility function a(f; + (f2)}—for this example 
the value of a is 10. 


Multiple Criteria Decision Problems 


In the ideal case, Fig. 1, the utility function 
(a(f,; + h(f2)) measures the combined outcome. 
If the width of the band is positive then such a 
function does not exist. Still, it is plausible that 
the utility value at (/,, 2) would be no less than 
a( f; + x(f)) and no more than a(f; + X(/2)). 
Without loss of generality it will be assumed 
that a= 1, accordingly the utility value of 
(f;.f2) is no less than [f, + x(f2)] and no 
more than [f, + x(f2)]. Given two points 
fr=(fi, f2) and f*=(ft fi); — if 
f2 + x(f3) > ft + X(f$) then the utility vaiue 
of f° is higher than that of f* no matter how 
wide is the indifference band. Sarin [6] has 
used this measure while trying to optimize a 
multi-objective problem. Clearly, comparing 
the worst possible value [f? + x(f$)] with the 
best possible value [ff + x(f%)] is very con- 
servative. The approach used in this paper is 
less restrictive. The functions x and x, Fig. 3, 
measure the width of the band. 

The decision maker (DM) chooses an action 
d. In many cases d specifies allocation of the 
various resources. A feasible action, called also 
a decision, is one that satisfies the various en- 
gineering, budgetary and political constraints. 
li is evaluated by m criteria functions, f;(d) 


j = 1,...,m. Due to the multiobjective nature 


of the problem, it is possible to compare two 
decisions in more than one way. Two decisions 
can be compared in m + | ways: 


(a) m simple comparisons, where f;(d,) > fj(d2) 
implies that decision d, performs better 
than d, with respect to the jth criterion. 
Each criterion induces a simple compari- 
son, thus there are m such relations. 


Income 
- NN WwW asuown @®© © 








Prestige 


Fic. 3. The indifference band for the example. 
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(b) One composite comparison. To understand 
the composite comparison, consider again 
the ideal case, i.e. each criterion can be con- 
verted, say, to units of the first criterion. 
The performance of a given decision d on 
the various criteria is given by: f; = f;(d), 
fo =fd),..-.Sm = Sn) or equivalently, in 
units of the first criterion by: 


fi hlfr) Rul Sm) 
The utility of d is given by 


U(d) = fy + ho fr) + «.. + Amt Smd- 

In this ideal case d° dominates d* if 
U(d°) > U(d*). Due to the existence of the 
band the above comparison is not possible. 
Nevertheless the performance of a given deci- 
sion with respect to the jth criterion fj, when 
measured in units of the first criterion is no less 
than x,(f;) and no more than x,(f}). This gives 
rise to the following composite comparison: 

Given two decisions d* and d® construct the 
following tables: 











¥2(f%) 
x2(f 9) 





Then d* dominates d° if U* > U®; d° domin- 
ates d* if U3 > U$. If not (Ut > U?) and not 
(U3 > U$) then neither one of the two decisions 
dominate the other (see for example Fig. Ib 
alternatives (13,5) or (3,4)). 

When a DM is faced with a finite set of de- 
cisions it is the RW’s task to collect sufficient 
data and information so that all non domin- 
ated decisions can be singled out, and all de- 
cisions ranked. Again, due to the existence of 
the band it is possible to generate only an 
outranking relation [4]. An outranking re- 
lation relates only some of the feasible de- 
cisions, for example, see Fig. 4. Such a relation 
may be very useful to rough out a problem. 
First, it may be a basis for more profound 
comprehension and expression of the DM’s 
preferences. Second, it restricts the solution to 
a small subset of the original set of decisions. 
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Such an outranking procedure is described in 
this paper. 

The mathematical aspects associated with 
the indifference Band model were discussed in 
[2]. However, some mathematical definitions 
are given in the appendix. It was assumed that 
information on this band can be obtained from 
the DM and indeed, in this paper the width 
was determined after several discussions with 
the DM and his aids. In other cases a suitable 
questionnaire may serve the same purpose, for 
example, see [3]. 

This paper describes a case study in which a 
systematic ranking procedure that can replace 
the DM was developed. The approach used 
was based on the above mentioned concepts. 


THE PROBLEM 


A geological institute sends survey expedi- 
tions to various geographical locations. 
Usually a survey team may require earth mov- 
ing equipment but it is impossible to predict 
whether or when a team will ask for such sup- 
port. The institute, therefore, issues an annual 
tender for services rendered by such companies 
and when called upon, the contracted company 
is obliged to send the necessary equipment and 
manpower to the defined locations. 

There are three different types of equipment: 
Small Bulldozer, Large Bulldozer and Shovel- 
dozer. The forecast for each type of equipment 
is: 


Small Bulldozer S<k, 
Large Bulldozer S<k,< 
ky 


< <7 calls/year 
7 calls/year 
Shoveldozer | call/year. (1) 


A job requires one type of equipment and lasts 
for 100 hr (10 hr/day). 

The decision process is a two stage one. At 
first there are approximately 50 contenders, 
each of which receives a questionnaire. Man- 
agement evaluates the bids and decides upon 
the four or five most preferred candidates. The 
final decision is reached in the second stage 
after further negotiations with each of the 
remaining bidders. 

The management has three different criteria: 
(i) direct cost; (ii) response time and avail- 
ability, and (iii) reputation of the contracted 
company. 

In order to compare the study the effective- 
ness of the proposed method—!/ndifference 
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TABLE |. SPECIFICATIONS OF THE VARIOUS BIDS 





Small bulldozer Large bulldozer 


Cost; 
(hr) 


Avail. 
(hr) 


Cost/ Avail. 


(hr) 


Shoveldozer 
Fixed 
Cost/ Cost 


(hr) 


Avail. 
(hr) 


Reputation 
Maintenance Back up 





186 
198 
196 
225 
zoe 


135 
130 
133 
135 
154 
135 
108 
111 
135 
130 
145 
127 
186 
135 
133 
149 
108 
114 
136 
136 
132 
145 

97 


Average 
Good 
Good 

Average 

Average 

Average 

Average 
Good 
Good 

Average 
Good 
Good 
Good 
Good 

Average 

Average 

Average 

Average 

Average 

Average 

Average 

Average 
Good 


Average 
Average 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Average 
Good 
Good 
Average 
Average 
Average 
Average 
Average 
Average 
Average 
Average 
Average 
Average 





Band—tt was decided that the management 
(=DM) will rank the four or five most favor- 
able bids as was carried out in the past. Inde- 
pendently, the RW, through investigations and 
discussions, will attempt to define the DM 
Indifference Band and will rank the various 
bids. Finally the DM will compare the two 
results and construct the final list of con- 
tenders. 


THE OBJECTIVES 


The utility is inversely proportional to the 
annual expenses. The best alternative is there- 
fore the one that minimizes annual expenses. It 
is equal to the sum of the direct cost and 
various other expenses incurred due to 
numerous factors that are aggregated in the 
two qualitative criteria Availability and Repu- 
tation. The conversion of these three criteria, (i) 
Direct cost, (11) Availability, (iii) Reputation, to 
a single objective function can only be done in 
fuzzy terms. 


Direct cost (columns 2, 4 and 6—Table 1). 


There are three different types of equipment. 
Each bidder specifies the cost per unit of time 
of each type of equipment. On this basis it is 


possible to estimate the cost per job (100 hr of 
activity) per type of equipment. There is also a 
component of fixed cost per job which is 
expressed in time units (Column 8—Table 1). 


Availability (columns 3, 5 and 7—Table 1) 


The bidder specifies the time it takes to re- 
spond a call. Past experience has shown that if 
the need arises, the expedition foreman is able 
to continue with the survey for 48 hr without 
any interruptions. Interruptions occur only 
after that period and are measured by the per- 
centage of the resources, manpower and equip- 
ment, that are idle. 

Let av(t) be the percentage of the unutilized 
resourses t days after a call was made without 
any response. Accordingly, the cost of a delay 
that lasted T days is given by: 


T 


Z an | 


C,(T) = co) 


where Co is the daily cost of a survey expedi- 
tion. Since av(t) contains somy fuzzy factors it 
is defined only by its upper, ao(t), and lower, 
aut), values. Accordingly, the expenses C, (T) 
incurred due to a delay period of T days are 
also defined in a fuzzy fashion. Table 2 con- 
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TABLE 2. LOWER AND UPPER BOUNDS ON av AND C, (Co = 60,000 units) 





3 4 5 >6 


0.4 0.6 0.6 0.8 


(money units) 18,000 42,000 66,000 66,000 + (t-5) 30,000 


(money units) 


0-2 2 
0 0.3 0.4 0.4 0.5 
0 
0 
0 


24,000 60,000 


96,000 96,000 + (t-5) 42,000 





tains the relevant information on these quanti- 
ties. 


Reputation (columns 9, 10—Table 1) 


The DM estimates the bidder’s reputation 
on the basis of his experience and the question- 
naire. Two factors contribute to the overall 
reputation: 


(1) The quality of the equipment and the crew. 
If the equipment is of a high maintenance 
level, breakdowns are rare. The reliability 
of the crew determines the speed at which it 
overcomes minor technical problems 
should they arise (column 9—Table 1). 


(2) The availability of spare parts and equip- 
ment, the size of the inventory and the level 
of the technical and repair services. It also 
includes an estimate on the number of 
times a contractor fails to send the required 
equipment within the specified time interval 


column (10—Table 1). 


The DM defines three levels of maintenance 
and technical competence and three levels that 
measure the reliability of the back up, it 
accounts for the number of breakdowns, the 
speed of replacing malfunctioning equipment 
and the number of times the contractor has 
defaulted on the contract terms. 

It was finally possible to convert, in a fuzzy 
way, these qualitative grades into money units. 
Any bidder whose reputation was assumed to 
be less than average was immediately rejected. 


Maintenance 


Average grade: During a period of 1000 hr of 
activity the work will stop for 48-72 hr due to 
minor technical problems (as was mentioned 
before a job requires 100hr of activity; thus 
1,000 hr = 10 jobs). During this period it is 
expected to have 2-25 major breakdowns that 
require a replacement of malfunctioning equip- 
ment. 

Good grade: During a period of 1000hr of 


TABLE 3. ESTIMATES OF av 


DISTURBANCE 


AND 





Type of disturbance 





Minor technical breakdowns 
Major technical breakdowns 
<3 days 
that last { >3 days 
Failing the contracted terms 
(one day of delay) 





activity the work will stop for 24-36 hr due to 
minor technical problems. Major breakdowns 
will occur at a frequency of I-15 over this 
period. 


Back-up 

Average grade: A replacement of equipment 
if needed will last 15-2 days. In two out of ten 
calls the company fails to satisfy the contract 
terms thus causing a one day delay. 

Good grade: The new piece of equipment re- 
places the malfunctioning one within a day. 
The company fails to satisfy the contract terms 
in 10% of the calls causing a delay of one day. 

A disturbance will cause the expedition some 
degree of slackness. Since breakdowns and 
delays are unpredictable, the expedition fore- 
man cannot foresee such an event and is there- 
fore unable to reschedule the activities accord- 
ingly. Such delay will cause a high degree of 
idleness (compare with Table 2). 

On the basis of these figures and the defini- 
tion of the various grades it was possible to 
transform, in a fuzzy way, a quantitative grade 
to money units. The numerical values of C, 
(Reputation) are tabulated in Table 4. 


ANALYSIS OF THE RESULTS 


j = 1,23 Number of calls made for 
equipment of type j 

bid number = alternative 

j = 1,2,3 cost/hr of equipment of type j 
(Table 1, columns 2, 4 and 6) it 
includes a correction for the fixed cost 
(Table 1, column 8). 
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TABLE 4. NUMERICAL VALUES OF THE CONVERSION FUNCTION 
C; (Reputation) 





Expenses/Call 


Reputation (money units) 





Maintenance Back up —_ C;; (Repu.) C; (Repu.) 





Average 
Average 
Good 
Good 


27,000 
22,200 
21,300 
13,200 


Average 
Good 
Average 
Good 


46,800 
40,800 
32,100 
20,100 





\(i) j= 1,2,3 Annual expenses, in money 
units, due to a grade in the second cri- 
terion—availability (hr) 

Annual expenses, in money units, due 
to a grade good or average in the third 
criterion—reputation. 


C3(i) 


The annual expenses incurred by alternative i 
is: 
C(i) = 100 [ky Chi) + k2Ci(i) + k3C}(i)) 
+ [ky CH) + k,CHi) + ks C3) 
+ (ky + kz + k3)Cs(i)- (2) 


Recall that a job lasts 10 days (100 hr). In terms 
of money units the two factors C, and C, 
(Tables 2 and 4) are fuzzily defined. 

Two alternatives ‘i’ and ‘j’ can be compared 
on the basis of equations (Al) and (2). From 
the fifty or so initial bids some 25 were im- 
mediately rejected because the remaining 23 
alternatives (see Table |) were superior. 

; Since k, and k, are unknown, equation (1), it 
was decided to try and rank the proposals 
which are non-dominated with respect to every 
possible value of k,; and k, in the defined 
range. It was found that such proposals exist. 


q 


The outranking relation, Fig. 4b, was con- 
structed by the method described at the end of 
the appendix. It was found that alternative (11) 
is the only non-dominated proposal, while 
alternatives (5), (4), (13) and (21) are in the 
second stratum, Fig. 4b. The results were given 
to the DM and were compared with his own 
ranking. 

He then decided to add proposals 4 and 21 
to the final list; and to leave proposal 8, even 
though it was dominated by proposal 3. 

Finally, it can be concluded that: 


(1) The DM by using his own _ intuitive 
approach may overlook good proposals 
(Nos 4 and 21). 


(2) The outranking relation obtained was very 
accurate. 
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Fic. 4. Ranking for the various proposals. (a) The ranking of the first five proposals as was done by 
the DM. (b) The ranking as was obtained by the method. 





Omega, Vol. 8, No. 6 653 


APPENDIX 


MATHEMATICAL PRELIMINARIES 


The decision maker chooses an action d. In many cases 
d specifies the allocation of the various available resources, 
thus let: 

(i) Z be the decision space 

(ii) D S F be the set of feasible decisions. 
A feasible decision (action) de D is one that satisfies the 
various engineering, budgetary and political constraints. A 
decision is evaluated by m criteria functions, fj, 


Accordingly, let 

(ili) ¢ = cy X cy X ... X cm be the criteria space. 
An element aé ¢ is an m tuple, a = [a, 

(iv) f: 2— c be the criteria map. 

(v) C = f(D) be the set of feasible criteria. 
The decision maker can compare the elements of ¢ in more 
than one way. There are m simple comparisons and a single 
composite comparison. 


The simple relations 


(vi) >; j= 1 m are binary relations all defined on c. 
These relations are each a weak order, i.e. asymmetric and 
negatively transitive [1]. Intuitively a >,b whenever the 
performance of a relative to the jth criteria is better than 
that of b. Thus >, induces a weak order on c¢; and 
a; > b; is well defined. Since the jth component, a;, of 
a = f (d) measures the performance of a decision d relative 
to the jth criteria, > ; induces also a weak order on D 

d, >j,d, 


if fd,) > f(d3). 


The composite relation 


(vii) >. This binary relation will be defined in the sequel 
after some further explanations. 

Without loss of generality it can be assumed that the 
DM while assessing a given decision tries to convert each 
criterion to units of the first criterion. 

Define therefore: 

1. 2(m — 1)functions X;: ee 

Xj eye 


The width of the indifference band is given by X;(-) — xj(-), 
see Fig. 3. These functions are positive non decreasing (non 
decreasing with respect to the weak order defined on ¢,, i.e. 
[a; > bj > X,(aj) > X,(b;) and x,(a;) > x,(b;)]). To under- 
stand the motivation of the above assumptions it may be 
helpful to assume that there is an ideal trade off function, 
h;, which is located somewhere within the band. If 
a; > b; then the worth of a; is no less than the worth of 
b;, both being measured in units of the first criterion. Thus, 
a; > b; >h,(a;) > h,(b,). It is further assumed that the DM 
is sensitive to relative changes, i.e. his sensitivity to a change 
of one unit at a level of 100 units is no less than that of 
10 units at a level of 1000. It follows therefore that 
X(-) — x,(-) is a Monotonic non decreasing function. 
2. (m — 1) sets of functions: 


j= th lh) Xi) - hf) hf-) — x) 


are positive non decreasing functions)}, j = 2 


and 


The indifference band, i.e. X,(-) — x,(-) contains some 
information on the rate of change of the trade off function, 
h,(-). If all the functions were differentiable then 


dx j/da; > dxj/da; > dx j/daj. 


This implies that X¥,(-) — h,(-) and h,(-) — x,(-) are mono- 
tonic non decreasing. 


Now it is possible to define the composite relation >: 
For 


(a,b)ee. a> biff 

(i) a, + eI ha) > b, + y hb), Whye Hj, 
j=2 j=2 

2. 


j= - 


and for some g;€ H;, j = 2...., 


m 
(ii) a, + ¥ gla) > b, + 
j=2 
This binary relation is 

(a) Irreflexive 

(b) Asymmetric 

(c) Transitive (it is not negatively transitive [1]) 
For simplicity assume that -, © E’ (the one dimensional 
Euclidean space). Then, it can be shown [2] that: 

1. The function U,(-): «—> E’ where 


U,(-) = 1-) + ¥ Af) forany hye HH; j 
j=2 


is a utility function, i.e. 
a>b=U,(a) > U,(b). 
(Note that U,(a) > U,(b) + a > b). 
2. Given two points a,b, a > b iff 


(Al) a+ > 


jeJ (a,b) 


yay+ Y 
jeJ2(a,b) 


ie | 


jeJ\(a,b) 


x ;(a;) > b, 


T(b)+ Fy 


jeJ2(a,b) 


x (b;) 


J (a,b) = (jlaj < bi #1} 
J,(a, b) = | jla; > bj. j # 1}. 


It is worthwhile comparing this result with that of Sarin [6], 
where it was assumed that a is better than 5 iff 


U (a) > Ub). 


Definition 1: Given a set C © « and a binary relation 
>a point ae C is globally non-dominated in C if for some 
U,(a) = Max U,(b). 


beC 


Equivalently, de D is globally non-dominated if a = f (d) 

If a point a is globally non-dominated then there does 
not exist a point be C which is preferred over a. Thus, see 
equation (A1), for every feasible point be C. 


¥la)+ 
aj 
jeJ (a,b) 


x (aj) < b, 


Not E + } 


jeJ (a,b) 


S 
+ — 
jet (a,b) 


¥ (b;) + 3 


jet (a,b) 


x (bj) |. 


Consider a finite set of alternatives Ay, the set of non- 
dominated points ND» can easily be generated through the 
use of equation (A1). It is possible therefore to generate an 
outranking relation [4] by applying the following simple 
procedure: 

Step (0) Given a finite set Ay of feasible alternatives 
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Generate the set ND, © A, ofnon-dominated relation, see Fig. 4. Equation (Al) and the above procedure 
alternatives. are the basis for the ranking method that was applied in 
Let Ay, = Ay — ND,. the case study. 
iii. If A,,, = @ terminate otherwise start step 
"eS | ADDRESS FOR CORRESPONDENCE: Ury Passy, Faculty of 
It follows that if ae ND, and be ND, then Not{a>b], Industrial & Management Engineering, Technion—Israel 
Vk > |. Thus, the above procedure generates an outranking =‘/nstitute of Technology, Haifa, Israel. 
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The paper examines how the computational efficiency of tree search applied to job-shop scheduling 
problems may be improved by a statistical method which provides both a bound and stopping rule 
for the search process. The Weibull distribution is used as the limiting form of the frequency 
distribution of the smallest members of samples of feasible job-shop schedules. Estimates of the 
optimal solution are obtained by calculating the most likely value of the Weibull location parameter, 
allowing a tight bracket for the optimal makespan value to be established. Estimates of the optimal 
solution of sub-problems with fixed partial sequence are proposed as approximate lower bounds for a 


‘best-bound’ search strategy. 


INTRODUCTION 


ITISNOW widely accepted that partial enumer- 
ative tree search methods, such as branch and 
bound, offer the only real prospect for obtain- 
ing optimal solutions to scheduling problems. 
This conclusion stems from the work on com- 
plexity theory by Cook [2] and Karp [13] 
demonstrating that optimising algorithms are 
extremely unlikely to exist, except for a rela- 
tively few simple special case scheduling situ- 
ations. 

By their very nature, tree search methods are 
intensive in their demands on computer time. 
So much so that if an optimal solution is 
sought, a size of problem is soon reached at 
which the amount of computer time required 
becomes prohibitively high. The ultimate in 
computational efficiency is to generate the solu- 
tion, identify it as optimal as quickly as possible 
and then terminate the search. In practice the 
computational efficiency is often low even 
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though the optimal solution may be deter- 
mined early in: the search. This is because a 
great deal of computational effort and further 
search of the tree is usually required before it 
can be established that there isn’t a better solu- 
tion. If, therefore, somehow the optimal solu- 
tion value were to be known in advance, then it 
could be used as a lower bound to exclude the 
need to search the tree further at nodes with 
lower bounds greater than this value. In addi- 
tion it would also provide the most efficient 
stopping rule possible, namely, stop the tree 
search as soon as a solution with the specified 
value is generated. Clearly, the value of an 
optimal solution cannot be known with cer- 
tainty in advance. If, however, the distribution 
of schedule makespan times or some surrogate, 
could be predicted in advance, it might then be 
possible to provide an estimate of the optimal 
solution and without actually generating an as- 
sociated schedule. It is this approach which 
forms the basis of the following discussion. 
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DISTRIBUTION OF SCHEDULE 
MAKESPAN TIMES 


As was indicated by Heller [11], although 
for any given set of processing times there may 
be many possible schedules, the number of dif- 
ferent schedule makespan times can be shown 
to be relatively small. Heller conducted, for the 
flow-shop case a simulation experiment in 
which random sampling methods were used to 
generate the schedules, in an attempt to see if 
this approach could be used as a means for 
determining an optimal solution. The infer- 
ence from the experimental results was that the 
feasible schedule makespan times for a flow- 
shop are normally distributed. Subsequent 
theoretical analysis also led to the conclusion 
that this property was a consequence of an ap- 
proximation to the central limit theorem for a 
simple periodic Markov chain—which indi- 
cates that the schedule makespan times are 
asymptotically normally distributed for sche- 
dules involving a large number of jobs. 

Giffler, Thompson and Van Neiss [8] 
adopted a Monte Carlo simulation approach 
and showed that, compared with pure random 
choice in the resolution of conflicts in generat- 
ing active feasible schedules, the procedure in 
which the choice is resolved by the SOI sche- 
duling rule, ‘choose the job with the shortest 
imminent operation’, was considerably super- 
ior. Fisher and Thompson [5] in an extension 
of this work, concluded that an unbiased com- 
bination of scheduling rules was better than a 
single rule. This was found to be so effective 
that no real advantage could be determined for 
the various learning procedures tested in which 
bias was introduced and changed in response 
to the latest set of results. It was however con- 
cluded, that not all the possibilities had been 
exhausted and that there was scope for further 
work in this direction. 

Heller and Logemann [12] developed a 
graph theoretic algorithm—in contrast to the 
Gantt chart basis of the corresponding algor- 
ithm by Giffler and Thompson [7]—for gener- 
ating both schedules and completion times. In 
this generation process a bias procedure was 
used at each node in the partial schedule graph 
for selecting the next node. At one extreme 
(maximum bias), the selection was according to 
minimum starting time (i.e. first come first 
served) and at the other extreme (minimum 


bias), the selection was at random. Combina- 
tions between these extremes were also con- 
sidered. The results showed that the first come 
first served biasing rule generated the smallest 
expected schedule makespan time and smallest 
variance. This led to the conclusion that it 
would appear that it is better to sample from 
the maximum bias first come first served set of 
schedules, on the grounds that this seemed to 
offe. the greatest possibility of finding a mini- 
mum schedule and converges the fastest and in 
the smallest number of trials, particularly with 


.complex technological orderings. Heller and 


Logemann found that for general technological 
orderings that the distributions of schedule 
makespan times generated by the biasing pro- 
cedure were approximately normal. 

A normal approximation for the distribution 
of makespan times was initially assumed in the 
investigation described in this present paper 
Subsequent experimental analysis and statisti- 
cal tests, however, showed that it was not an 
entirely satisfactory assumption. The normal 
distribution is asymptotic and unbounded, 
whereas the makespan times are bounded from 
below by the optimal solution and from above 
by the worst solution. It is possible that a good 
description of the empirical distribution of 
active schedule makespan time values may be 
obtained using the approach suggested by 
Cunningham and Turner [3] and Randolph et 
al. [15]. This was based on Bayesian theory 
using as prior a Dirichlet distribution. Unfortu- 
nately the method involves a large number of 
parameters and hence its main drawback is the 
amount of computation that is required in 
their determination. 

A theoretical distribution, simpler than the 
Dirichlet and more appropriate than the Nor- 
mal for describing the makespan values of 
active schedules, would appear to be the ‘Wei- 
bull’. This is a three-parameter distribution 
which may approach the shape of the Normal, 
but which is bounded from below, i.e. Prob 
(x < a)=0 for some value of a. The prob- 
ability density function of the Weibull is [10]: 


f(x) = c/b((x — a)/b~* exp[—((x — a)/by] 
where 


a = location parameter 
b = scale parameter 
c = shape parameter 
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The cumulative distribution function is: 


F(x) = 1 — exp[—({(x — a)/b‘) 
The hypothesis that makespan time values 
could be represented by a Weibull distribution 
was tested experimentally with seemingly very 
good results. Subsequent extensive tests 
though, with very large sample sizes, could not 
confirm this hypothesis, probably due to the 
fact that the empirical distribution of the 
makespan time values can be approximated by 
a Weibull, without being one [16]. 


OPTIMAL SOLUTION VALUE 
ESTIMATES 


None of the distribution models for make- 
span time values examined was considered to be 
entirely satisfactory and because of this a sur- 
rogate approach was developed. It is well 
known that if samples of sufficient size are 
drawn from any population then the limiting 
form of the distribution of the smallest member 
of each sample has a Weibull form (Fisher and 
Tippett [6], Weibull [17]).' This fact was 
exploited by Golden [9] in connection with the 
travelling salesman problem. In application to 
the present study the limiting distribution of 
the minima of samples of active schedule 
makespan times, bounded from below by the 
optimal solution, is also Weibull. Hence esti- 
mating the Weibull location parameter a is 
equivalent to estimating the optimal makespan 
time value. 

Two different methods were considered for 
estimating the Weibull parameters: one using 
the principle of maximum likelihood (Mood 
and Graybill [14]) and the other regression 
analysis. 


Maximum | likelihood 


parameters 


estimators 


of Weibull 


The likelihood function of N random vari- 
ables x,,..., Xy from a population described by 
f(x, 9) is the function 


N 
L(xq.X2..... Xn 9) = T] S05. 0) 
i=} 


Many likelihood functions, like the Weibull, 
satisfy regularity conditions, so that the maxi- 





' The question of sample size in the present investigation 
is considered in the following sections describing the ex- 
perimental results. 


mum likelihood estimator is the solution to the 
equation dL(0)/dé = 0. 
For the Weibull distribution, 


y [(x; — a)/b* 
i=1 


N 1 
L= cir [] G& - a) | exp ~ 
i=l 


which is maximised for the same values of 
a, b,c, as the function 


InL =N!nc—NIinb 
fe l_¢s 
+(c- aa) ¥ In{(x; — a) ple — ¥ [tx - a/b] 
i=1 i=1 
for 6 In L/éa=0, é In L/6b=0 and @ In 
L/éc = 0. 


The maximum likelihood estimates of a,b,c 
may be calculated by solving the system of 
these three simultaneous equations. This is a 
rather difficult task from the computational 
point of view, if usual numerical techniques are 
used. This general methodology does not take 
into account some special features of the for- 
mulation of the problem, namely, that the 
values of all feasible solutions and the lower 
bound being discrete can always be expressed 
as integers. This limits the solution space for 
the parameter a to a small number of discrete 
(integer) values. In fact parameter a must lie 
between the lower bound b, and an upper 
bound defined as 


b, = min[x;] 


where N is the number of samples of size M. 
From 


c N 
d (x - 


Gin L/cb = 0+ [—Ne/b] + | 
b' of 1 


ay =0 


§ N 
—b = g(a,c) = | ¥ (x4 - a) 


a a 


Substituting in L, 


1 N —_ 


es ean | 
= (x; — a) 
g(a, c) g(a, cy jas 


which is simple enough to evaluate for specific 
values of c > 0 and values of a within the inter- 
val [b,, 5,]. 

The value of the likelihood function L is 
computed for each of the permitted values of a 
for a wide range of values of c. The maximum 
value of L may thus be identified and the cor- 
responding values of a,b,c are the best esti- 
mates of the Weibull parameters. 


exp(—N) 
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TABLE 1. MAXIMUM LIKELIHOOD ESTIMATES OF THE WEIBULL PARAMETERS @ AND C 





Best 
known 
solution 
(branch + 
bound) 


Overall 
lower 
Problem bound 





63 67* 


71 fa 


51 


51 


50 


48 





Experimental results 


The method above was applied to a series of 
problems involving eight jobs and four 
machines with Erlang distributed processing 
times, with parameters K = 1 and K = 9 for 
the first three and last three problems respect- 
ively as shown in Table 1. A range of values of 
number of samples N and sample sizes M was 
used and the results are summarised in the 
same table. The problem size was restricted to 
enable the branch and bound method also to 
be used as a means of independently determin- 
ing the optimal solution and its value. Even 
with this relatively small problem size the tree 
search had to be abandoned in two cases, 
because the preset limit on computer time had 
been reached before the optimal solution had 
been signalled. In these cases the best solution 
to date was accepted. Where the optimal solu- 
tion was established the associated minimum 
makespan time value is shown in Table 1 with 
an asterisk. An overall lower bound was also 
computed to provide a comparison with the 
estimated parameter a which is particularly 
appropriate in the cases where the optimal 
solution was not determined. 

The results are not entirely satisfactory 
because different sample sizes give rise to dif- 
ferent values of the Weibull location parameter 
a. It might be that larger samples would allow 
more conclusive and accurate results but the 
handling of larger samples would render the 
method computationally impractical. 

To overcome this difficulty a different 


approach using least squares linear regression 
is advocated. This method is described below. 


Least squares regression estimates of Weibull 
parameters 


Weibull parameters can be based on the 


limited number of discrete values that the loca- 
tion parameter a may take. 


b, < a < Xmin: 


a: expressed as an integer—this may be 
done without loss of generality by ap- 
propriately changing units of measure- 
ment 

b,: lower bound to the values of the feas- 
ible solutions 

Xmin. Lowest value of the sample 


The method used to calculate the scale b and 
shape c parameters of the Weibull distribution 
for every value of a, has been based on the 
relatively simple form of the cumulative distri- 
bution function 


F(x) 

exp | — [(x — a)/b]°} 
—[(x — a)/b] 
c[In(x — a) — Inb] 
In{— In[i — F(x)]} 


For 


X = In(x — a) 
a= —clnb 


1 — exp{—[(x — a)/b]}‘} 
1 — F(x) 

In{l — F(x)] 

In{ — In{l — F(x)]} 


clnb + cln(x — a) 
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TABLE 2. LINEAR REGRESSION ESTIMATES OF WEIBULL PARAMETERS @ AND ¢ 





Best known 
solution value Highest 


Problem (branch + bound) r a 


Parameter 
estimates 


Kolmogorov 
Smirnov 
test 
maximum difference 


Chi-squared-test 
level of 
c significance (%) 





0.996 
2 


0.823 
0.983 
0.975 
0.979 


7.3 7.3 0.1430 
49 
4.2 
2.0 
6.4 


0.0 0.2892 
0.1463 
0.2820 


0.3 0.1977 





Optimal solution. 


? In this case all sample values were either 71 or 72. 


B=c 
Y=a+ BX 


This form offers itself for a least square 
linear regression, given that F(x) can be esti- 
mated from the sample available. The regres- 
sion is repeated for all values of a, and every 
time b, c are calculated from c = B and b= 
exp(—«a/B). The best estimate of the optimal 
solution is the value a with the highest regres- 
sion coefficient r. 


Experimental results 


An experiment was conducted with the 2000 
random solutions previously generated for 
each of the test problems used in Table 1 
grouped in 40 samples of 50 members each and 
the results are summarised in Table 2. 

This number of samples was selected in an 
attempt to allow the application of the Chi- 
squared test which requires at least five distinct 
classes with five members each (i.e. a minimum 
of 25). Even so the test could be applied only in 
half the problems and this is why the Kolmo- 
gorov Smirnov test was applied as well (see the 
last column of Table 2). 

The estimate of the minimum makespan 
time (Weibull parameter a) is compatible, 
except in the case of the first problem, with the 
best solutions determined independently using 
branch and bound. Even in the first problem 
the difference between the optimal makespan 
time value and the estimate is very small. This 
approach of least squares regression to deter- 
mine the location parameter a, Weibull distri- 
bution of the minima of samples of active sche- 
dule makespan times appears to work well. 
Thus, by so determining the location par- 


ameter a, an estimate of the optimal makespan 
time value is achieved without actually con- 
structing the schedule. 


STOPPING DECISIONS AND BOUND 
CALCULATIONS 


As already discussed, the efficiency of the 
branch and bound method can be improved by 
terminating the tree search when the best solu- 
tion constructed has the same value as the esti- 
mate of the Weibull location parameter a. 

Another method of using the Weibull distri- 
bution for tree search stopping decisions can 
be based on the probability of obtaining solu- 
tions with values less than the best solution 
obtained with branch and bound (Erdos and 
Spencer [4]). A Weibull with location par- 
ameter a estimated as described above could be 
used to approximate the makespan time distri- 
bution of feasible solutions. In this case the 
probability of finding an improved solution 
would be determined by the area under the 
Weibull probability density function, between 
the best known solution and the location par- 
ameter a. 

Thus, in a particular scheduling problem, it 
may be feasible to determine a balance between 
the benefit to be derived from a possible im- 
provement in the solution and the additional 
tree search that this might entail. 

A further application of the statistical esti- 
mate of optimal solution values is in the sphere 
of bounds. The efficiency of the statistical 
methods as well as of the tree-search depends 
to a large extent on the ‘quality’ of the lower 
bounds b, that can be calculated. An indication 
of their quality is determined by how often 
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they are realizable as feasible solutions, i.e. 
whether the class v = b, is empty or not. A 
useful hypothesis is to assume, for given b, and 
Xmin (Or b,) that at least one of the classes b,, 
b, + 1,...,b, + b, —b) for 0<d<1 is 
non-empty and therefore reduce drastically the 
computational task, by using a ‘fictitious’ 
upper bound bj, = 6(b, — b,). If the hypothesis 
is rejected, then the revised lower bound 
becomes b’, = bi, and the procedure is repeated. 
If not, then a new upper bound is found and 
used for further search (Bazaraa and Elsha- 
fei{1]). Instead of using fictitious bounds, 
which are defined randomly, it is more efficient 
to use a Statistical estimate of the optimal solu- 
tion as an upper bound in a tree-search pro- 
cedure to establish a feasible solution less than 
or equal to a. 

If a feasible solution is found it could be 
accepted and the search terminated. Alterna- 
tively, further improvements in the solution 
could be sought by progressively reducing the 
value of a. Ultimately this process would lead 
to an optimal solution which would be sig- 
najled when further reduction in a results in 
infeasibility. 

If no feasible solution is found, then pro- 
gressively the upper bound value may be 
increased until a feasible solution is estab- 
lished, this would be an optimal solution. 

The sampling method for estimating the 
value of the optimal solution has another 
potential application in tree-search. Every 
intermediate node, between the base and top- 
most nodes, signifies a fixed partial sequence 
corresponding to the elements included in the 
chain of nodes leading up to the node in ques- 
tion. A sub-problem for such a node may 
therefore be defined as: what is the optimal 
schedule sequence when the first part of the 
sequence is already fixed and the remaining 
elements are as yet unassigned? An estimate of 
the remaining sequence optimal solution value 
could be determined using the sampling 
approach described above. This, combined 
with the calculated completion time for the 
fixed partial sequence, would provide a lower 
bound value for the associated node. From the 
set of active nodes in the tree, the one with the 
lowest bound estimate could then be selected 
for further search in a best-bound-first pro- 
cedure (tie breaking by selecting the nodes with 


the highest likelihood). This procedure would 
produce a strong bound, which would limit the 
amount of the tree that would need to be 
searched. Balanced against this, however, is the 
computational effort necessary in determining 
an estimate of the optimal solution value for all 
the sub-problems. 
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Limits to the action of strategic adaptation derive essentially from the temporal and dimensional 
complexity of the system of the firm. Consequently, a ‘temporal/organizational area decision- 
making matrix’ has been developed and decisions classified accordingly. Problem-solving approaches 
adopted in facing complexity and uncertainty appear to be based mainly on the criterion of simplifi- 
cation and on that which ensues of decomposition. Measures currently applied in the process of 
simplification are examined, including utilization of models. Extra-rational or even irrational ele- 
ments intervene in the process of strategic adaptation, caused primarily by complexity and by the 
social-heuristic nature of planning. Basic areas in which extra-rational elements (such as personal 
opinions, imagination and intuition) play an essential role are singled out and appropriate organiz- 
ational mechanisms are identified which could assist in attaining the maximum synergic effect from 
the combined application of rational and extra-rational contributions to planning. 


INTRODUCTION 


DURING THE period 1976/79 the author car- 
ried out a research study sponsored by the 
Italian National Committee for Research 
(CNR) which involved the comparative analy- 
sis of two samples of 16 medium-large and 51 
medium-small industrial firms operating in a 
variety of technological and environmental 
conditions. One concluding proposition of the 
study pointed out that the contribution of the 
responsible officers to the planning process 
consists essentially of opinions and of estimates 
about developmental hypotheses and con- 
straints, often expressed through intangibles 
and based on partially rational forecast [22]. 
The present paper drawing also from the ex- 
perience gained during the aforementioned 
study, elaborates on selected elements of the 
strategic adaptation process, particularly in re- 
lation to the degree of rationality of the related 
decision-making process. 

The paper, after dealing with problem-solv- 
ing approaches and models, singles out basic 
areas of the adaptation process in which extra- 
rational elements, such as personal opinions, 
imagination and intuition, play an essential 
role and identifies appropriate organizational 
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mechanisms which could assist in attaining the 
maximum synergic effect from the combined 
application of rational and extra-rational con- 
tributions to the adaptation process. 


LIMITS TO THE ACTION OF 
STRATEGIC ADAPTATION 


Planning is a decision-making process based 
on logic. It aims at affecting the future develop- 
ment of the firm and presupposes the appli- 
cation of the principle of rationality. This pro- 
cess, in fact, to ensure in a medium-short term 
perspective the internal consistency of the plan, 
is to be based on a rational analysis of possible 
evolutions of the organization. An evaluation 
of potential effects of a strategic decision calls 
for the knowledge of the structure and of the 
operations of the organization, as well as of the 
system’s relationships with the operational en- 
vironment. The formulation of a strategic de- 
cision implies therefore a global analysis of the 
firm which is to be implemented following the 
multidisciplinary approach of systems engin- 
eering. Through this analysis it should be poss- 
ible to make explicit the multiplicity of objec- 
tives set by the firm and the series of con- 
straints conditioning its optimal performance. 
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Notable limits to the action of strategic 
adaptation of the firm do exist. Such limits can 
concern both the rationality of each decision 
called for the attainment of the various objec- 
tives, sometimes conflicting with each other 
and the degree of internal consistency of the 
plan. To ensure the development of a decision- 
making process in accordance with the prin- 
ciple of rationality, a preliminary evaluation of 
all possible alternative courses of action would 
be necessary. The meeting of such an ideal con- 
dition faces two difficulties: the limited knowl- 
edge of possible alternative solutions and the 
limited capacity of man to confront with uncer- 
tainty, namely to project into the future the 
envisaged alternative actions to foresee their 
possible consequences. Jones underlines: “to 
make a completely rational decision would be 
a colossal undertaking: in fact, it would be so 
huge we would be acting irrationally if we were 
to embark on such a task” [12,p.115]. The 
administrative man, according to Simon, acts 
in an intentionally rational way, since he aims 
at attaining specific objectives, but still in a 
limited rational way. From this proposition 
Simon draws his known principle of ‘bounded 
rationality’, 

In a situation of bounded rationality the ad- 
ministrator tends to prefer a ‘satisficing’ 
approach, though this approach is only cap- 
able of leading to feasible and not optimal 
solutions. As the satisficing approach is based 
on a judgement, the related decision-making 
process becomes approximate and complex. In 
addition, the difficulty in identifying a global 
objective function for the whole organization, 
composed of the partial functional objectives 
adequately ‘weighted’ according to priority cri- 
teria, leads to transform part of the objectives 
(those considered secondary) into acceptable 
levels of performance which have the nature of 
constraints. In ‘satisficing’, as argued by Eilon, 
there is “no difference between goals and con- 
straints. Essentially all constraints are goals, 
since they express desirable (or not desirable) 
modes of operation” [10, p. 108]. 

Limits to actions for strategic adaptation 
appear to derive essentially from the complex- 
ity of the system of the firm. Such a complexity 
can be conceived: 


in a temporal sense, since a long term per- 
spective, which is specific of planning, turns 
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technology and other basic elements of the en- 
vironmental situation into variable elements, 
otherwise assumably constant under a short 
term perspective, and 


—in a dimensional sense, since planning aims at 
studying the firm in its totality as an open sys- 
tem and calls therefore for the identification 
and analysis of the multiplicity of objectives 
and of the causal relations of the various sub- 
systems. 


Temporal complexity 

Variability in time of the state of the system 
derives often from structural or permanent 
variations in the operational environment. The 
evolution of the environment, originating from 
technological, economic, social and _insti- 
tutional innovations can, in fact, trigger a 
structural adaptation of the firm. 

The idea of variability is directly connected 
with the concept of variety, namely the number 
of states which the system can potentially 
assume. According to Ashby, to ensure an 
effective regulation of a system it is necessary 
to control at least the same variety of states 
which the system can potentially assume (law 
of requisite variety) [2]. Beer observes on this 
point, that variety is a measure of a “thing’s 
complexity” and that decision-making involves 
the selection of a possible state among all the 
others. Often, however, the complexity of the 
environmental variations impairs a clear iden- 
tification of related internal implications and of 
necessary adjustments. Rhenman notes that 
structural changes in the environment fre- 
quently imply the emergence of new conditions 
which do not find comparison in previous ex- 
perience of the organization [21]. 

As the number of possible states which the 
system can assume ‘broadens’, the degree of 
uncertainty of the situation to be faced in- 
creases. Control systems, so far designed under 
the assumption of determinism, are therefore to 
be revised and adjusted. Beer underlines this 
need by stating that we have to learn to design 
and assign generators of variety to the mechan- 
isms of control, in the same way as nature allo- 
cates proliferators of variety in natural systems 


[3]. 
The dimensional complexity 


We can state that complexity generates par- 
tial information, hence uncertainty. If the 
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influence of exogenous variables is negligible or 
can be offset as assumed by the closed system 
logic so that “all variables of the system vary 
within the limits established by the designer” 
[27], decision-making relates essentially to the 
internal processes of transformation. In this 


case a norm of rationality would focus on the . 


identification and utilization of a valid set of 
cause/effect relationships representing the basic 
transformation of the system (technical ration- 
ality). If, instead, the organization operates in 
a situation of interchange with the environ- 
ment (as assumed by the open system logic) a 
norm of technical rationality, would no longer 
be suitable to ensure the attainment of the 
objectives of the system. The inclusion of the 
environmental interface in the area subject to 
decision-making analysis would introduce 
uncertainty and would mean operating accord- 
ing to a more complex but potentially more 
effective norm of rationality defined by 
Thompson [27, p. 19] as organizational ration- 
ality. The opening of the- decision-making 
model towards the environment originates an 
additional area of uncertainty, which Loasby 
meaningfully defines ‘width ofagenda’[15, p. 79]; 
that is, an indetermination in the delimitation 
of the operational environment which causes 
an arbitrary definition of what is to be con- 
sidered relevant to the solution of the problem. 
Broadening the area of the system studied in- 
creases the complexity of the situation in terms 
of multiplicity of objectives, number of relevant 
variables and number of interrelationships 
between the subsystems, which eventually 
involves additional constraints for the optimal 
solution. 


Temporal Perspective 
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COMPLEXITY AND 
DECISION-MAKING PARADIGMS 


The relevant literature offers a variety of 
classifications of decisions within the firm. 
Using the two factors of decision-making com- 
plexity proposed above, decisions can be classi- 
fied as follows: from a temporal perspective: 
long and short term decisions; from a dimen- 
sional perspective: global and partial decisions. 
The two factors of complexity and the resulting 
four categoxies of decisions can be related as in 
Fig. 1. 

In Fig. 1 matrix can be compared with that 
utilized by Perrow in classifying technologies. 
Perrow’s study focused on decision-making 
difficulty and used as evaluating factors the 
number of exceptions and the possibility of 
analysis of problems [19]. According to Per- 
row, the complexity of the technological pro- 
cess implies the complexity of the connected 
decision-making process. 


PROBLEM-SOLVING APPROACHES 


Temporal complexity 

To face variability as a factor of complexity, 
organizations have to operate following a 
norm of organizational rationality, that is also 
taking into account established relationships 
with the environment. Natural and socio-eco- 
nomic systems, frequently counterbalance 
variability by developing an adequate degree of 
flexibility in their structure and performance. 
Flexibility which in this way is used as an 
originator of variety, increases the capacity of 
adaptation and of self-regulation of the system 
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Fic. 1. Temporal/area decision-making matrix 
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as indicated in the law of ‘requisite variety’ of 
Ashby. Often, reserves are established to ab- 
sorb fluctuations in environmental pressure 
and attain flexibility in system performance. As 
Thompson states “under a norm of rationality, 
organizations seek to buffer environmental 
influences by surrounding their technical cores 
with input and output components” [27, p. 20]. 
‘Inactivation’ of sources of external variability 
is also a measure applied under a condition of 
uncertainty. The absorption and neutralization 
of ‘disturbing’ organizations through organiza- 
tional integration is a typical solution adopted 
to attain control of input availability. Ullrich 
calls this solution environmental control; he in- 
cludes in it the influence on the market and the 
‘socialization’ of personnel [28], the latter 
measure is realized to ‘absorb’ opposition and 
criticism. 


Dimensional complexity 

In large systems dimensional complexity de- 
rives from the multiplicity of objectives, the 
lack of determination of global cause/effect 
coefficients and the high number of internal 
and interface interrelationshi,»s. The expansion, 
for instance, of the number of levels and 
of decision-making centres in organizations 
applying a system of multilevel planning, aug- 
ments the difficulty of coordination and of 
harmonization of intermediate objectives 
[11, p. 16]. Analogous problems of dimensional 
complexity can be observed from an horizontal 
viewpoint. when the structure is subdivided 
into sectors according to functional or other 
criteria. Lawrence and Lorsch [13] have noted 
that structural differentiation. adopted to face 
subenvironmenta! evolution calls for adequate 
measures of coordination on the part of 
specific integrative agents. 

Newell and Simon, through psychological 
studies on problem-solving, observed that 
human beings tend normally to face dimen- 
sional complexity through decomposition, that 
is by solving subproblems of a simpler nature 
[18, pp. 1-10]. Systems analysis avails itself of 
decomposition as a problem-solving approach, 
by focusing on the study of identifiable subsys- 
tems and of elementary processes. Churchman, 
Ackoff and Arnoff following this line of 
thought stated that the system approach calls 
for the “identification of the component sub- 
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systems and of the decisions to be taken within 
each subsystem, keeping in mind the impli- 
cations of these decisions for the system as a 
whole” [6, pp. 109-111]. 

A relationship of particular interest appears 
to exist between hierarchical structure and 
decomposibility of a system. Litterer gives 
prominence to hierarchy as a fundamental 
property of a system. He states that systems 
can have a complex nature and be composed of 
subsystems operating at lower functional level 
and having a simpler structure (subsystems) 
[14]. According to Simon [25] the probability 
that complex systems are established according 
to a hierachical structure is high (“hierarchy is 
the basis of the architecture of complexity”). In 
a hierarchical structure there is, in fact, a 
notable difference between connections and 
interactions at low and high level (strong links 
and high frequency of interaction between low 
level elements; weak links and less frequent 
interactions between high level elements). The 
hierarchical model finds widespread utilization 
in behavioral studies. In ethology, for instance, 
patterns of animal behavior are conveniently 
analyzed through models with hierarchical 
structure to identify sequences having particu- 
lar properties. In the opinion of the naturalist 
Eibl-Eibesfelt I [9] the hierarchical nature of 
animal behavior models derives from their 
observed feature of decomposibility. A charac- 
teristic common to these models is, in fact, 
their decomposibility in a temporal series when 
decision-making impulses are functionally cor- 
related. 

Problem-solving approaches tend, as seen 
above, to reduce complexity and uncertainty 
through a process of simplification leading 
eventually from the quadrant of maximum 
complexity of problems [3] to that of mini- 
mum one [1]. We have shown such a process 
in Fig. 2 with the broken line A~B-C, where: 


sub process A-B, operating on variability, 
is realized by applying measures such as flexi- 
bility, environmental control and closure of the 
model through work hypotheses (the latter 


measure aiming essentially at eliminating 
uncertainties in decision-making by assuming 
known basic conditions constraining the or- 
ganization) and 


—sub process B-—C, operating on dimen- 
sional complexity, is realized by applying 
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measures such as_ system differentiation 
(specialization and delegation of authority) and 
model decomposition. 


RATIONALIZATION OF THE 
STRATEGIC DECISION-MAKING 
PROCESS OF THE FIRM. TOOLS 

OF DECISION-MAKING 

RATIONALITY: THE MODELS 


Behavioral and psychological studies applied 
to problem-solving have demonstrated the 
tendency of man to handle and represent 
complex situations through familiar configur- 
ations and simple conceptual definitions [5]. 
Problem-solving approaches adopted in the or- 
ganization, as we noted above, follow a similar 
orientation. In fact, they are based on the cri- 
terion of simplification and on that which 
ensues of decomposition, so that the analysis of 
the system is developed through schemes and 
models (mainly symbolic and mathematical 
ones) of more immediate understanding and 
manipulation. Ackoff assumes the application 
of the simplification criterion in model building 
when he defines a model as “an idealized repre- 
sentation of reality describing some phenom- 
enon whose behavior is to be highlighted” [1]. 
Simplification often generates distortion and 
sub-optimization. The use of sub-optimizing 
practice in nature has been studied by the 
Nobel ethologist Lorenz. He saw the criterion 
of simplification as a mechanism determined 
by the evolution of information-acquisition ca- 
pacities of animals with the view to producing 
“not absolute truth about outer reality, but just 
the kind of working knowledge which is 


necessary for the 
cies” [6, p. 253]. 

Various criteria can be utilized to identify a 
taxonomy of decision-making models. From the 
viewpoint of problem-solving in the firm we 
can utilize the following elements: 


survival of the 


spe- 


(i) nature of the decision-making process. 


(ii) structure of the model. 
(iii) problem-solving method. 


(iv) degree of optimality of obtainable solu- 
tion. 


Applying Simon’s [24] subdivision of de- 
cision-making processes into programmabie 
and not programmable processes and taking as 
a basis of classification the problem-solving 
methodology applied in model-building, we 
can single out the following categories: algor- 
ithmic, simulation and heuristic models (see 
Table 1). 

Algorithmic and simulation models can be 
derived from a programmable decision-making 
process and can therefore have a structured 
form, mathematical or in any case rigorously 
logical (expressible, for instance, in binary 
terms such as yes/no or by means of a logic- 
flow diagram). Algorithmic models can be 
solved through suitable algorithms obtaining a 
correct or optimum answer in a finite number 
of operations. Simulation models call instead for 
iterative calculations to estimate the effect of 
alternative solutions. As Benton states: “In a 
simulation one can only choose from the alter- 
natives that have been tested and the optimum 
may not be among them” [4, p. 86]. Problems 
which cannot be defined in mathematical form 
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TABLE |. DECISION-MAKING PROCESSES AND MODELS 





Decision making 
process 


Model structure 


Optimality 


Solving method of solution 





Programmable Symbolic- 


Structured 


Non-programmable Symbolic- 


Non-structured 


{ Algorithmic Optimum 


Simulation 


Satisfactorily 
good 


Heuristic \ 





or through rigorously logical expressions call 
for the application of heuristic research 
methods. The latter methods too do not 
guarantee the attainment of an optimal solu- 
tion but supply only a satisfactorily good 
answer. Unlike simulation, heuristic methods 
do not attempt to take into consideration all 
relevant factors of the problem. As a result they 
are applicable when the building of symbolic- 
structured models is highly complex or imposs- 
ible. Some heuristic models have been devel- 
oped by reproducing the decision-making logic 
of man according to pragmatic and intuitive 
rules. 

Heuristic models appear particularly suitable 
to study complex situations, with long term 
temporal perspective and broad organizational 
areas. Thierauf and Klekamp underline this 
possibility by stating: “planning and policy 
problems with which top management must 
come to grips are so difficult to quantify and 
ill-structured that a mathematical model can- 
not capture their most important character- 
istic. Judgement, intuition, creativity and learn- 
ing are qualitative rather than quantitative” 
[26, p. 522]. 

A number of heuristic models have been 
designed in connection with tactical decision- 
making processes such as: production pro- 
gramming, selection of alternative investments, 
industrial location. The design of heuristic 
models in relation to strategic problems meets 
greater difficulties so that developments in this 
area might call for further broadening of 
present knowledge. 


RATIONALIZATION OF EXTRA- 
RATIONAL CONTRIBUTIONS TO 
THE PROCESS OF STRATEGIC 
FORMULATION 


Paradigms, as intellectual tools for the evo- 
lution of knowledge within followed theories, 


provide an essential frame of reference for the 
analysis of problems and for the formulation of 
propositions and theorems. Models obtained 
following the approach of systems engineering, 
in particular, “derive from theoretical specu- 
lations adequately integrated by phenomeno- 
logical observations and aim at an _ holistic 
representation of a specific system, to adequa- 
tely describe, foresee or control specific events 
or processes” [7,p.41]. The utilization of 
models in the firm has contributed notably to 
the rationalization of decision-making, trans- 
forming an uncertain search for problems and 
solutions, into a rigorously logical analysis of 
alternative courses of action. In addition, the 
utilization of models has led to choices and to 
decision-making through an orderly debate of 
ideas, following defined teleological orienta- 
tions. 

The design of a decision-making model in a 
complex situation calls for a laborious activity 
of interpretation and translation of reality with 
the view to making the model complete and at 
the same time simple and flexible, valid in its 
hypotheses and accurate in the definition of 
internal and interface relationships. As already 
noted, the concept of complexity is connected 
with that of partial information. Popper 
notices the unavoidability of a partial under- 
standing of social systems when he states that 
“the main task of the theory in social sciences 
is to single out the non-intentional social reper- 
cussions of intentional human actions” [20]. 

The activity of interpretation and simplifi- 
cation needed for the realization of a planning 
model of the organization, implies inevitably 
the contribution of extra-rational elements 
such as personal opinions, imagination and 
intuition. This is so particularly: 


(i) in the interpretation and definition of 
values and priorities prevailing in the or- 
ganization from which a multiplicity of 
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objectives (sometimes in conflict with each 
other) would eventually derive. 


in the identification and definition of 
selected structural and _ evolutionary 
characteristics of the operational environ- 
ment, relevant to the system (‘background 
information’ according to the terminology 
of Yotopoulos [29, p. 27]. 


in the introduction in the model of simpli- 
fications aiming at the reduction of its 
dimensional complexity, consistent with an 
acceptable degree of distortion and sub- 
optimization’. 
(iv) in the adaptation of the model to the solv- 
ing approach applied (optimizing or not). 


(v) lastly, in the interpretation of the results 
obtainable from the model in the light of 
the solving technique to be used. 


The intervention of extra-rational or even 
irrational elements in the process of strategic 
formulation, caused primarly by complexity, is 
accentuated by the participation in the process 
of the social component. The social—heuristic 
mechanism of planning tends to ensure cre- 
ativity and innovation in a climate of critical 
confrontation and participation. Ullrich, devel- 
oping an analysis of Thompson and Tuden on 
problem-solving, points out the contribution 
rendered by selected forms of irrational behav- 
ior to the achievement of consensus in the or- 
ganization (inspiration, innovation, reinterpre- 
tation of reality, collective judgement, com- 
promise) [28, pp. 199-216]. Maslow confirms 
the validity of this contribution by stating that 
“impulse is not by necessity in contrast with 
judgement capacity since intelligence itself is 
impulse so that it appears now clearer and 
clearer that in healthy human beings ration- 





' Eilon [10, p. 124] notes on this point: “One of the justi- 
fications for complex models is the analyst’s attempt to 
guard against sub-optimization ... We know, of course, that 
in a sense all models are sub-optimal, since any system 
under scrutiny is a part of a larger system. But some 
models are more sub-optimal than others and it is the very 
narrow view taken at a single decision centre, perhaps to 
the detriment of the rest of the system, that the analyst 
attempts to avoid.” 


ality and impulse are synergic... in fact, what 
is non-rational is not by necessity irrational or 
anti-rational, more often is pro-rational” [17]. 

The extra-rational contribution to planning 
is closely connected with the social and heuris- 
tic nature of the process of strategic formu- 
lation. We can, in fact, identify the following 
elementary capacities pre-requisite for an 
appropriate capacity of problem-solving at stra- 
tegic level: 


(i) capacity to face temporal complexity and 
variability: to permit the organization to 
interpret and tackle rationally problems 
under conditions of risk and uncertainty. 
This implies imagination, capacity for for- 
mulation of ‘subjective’ hypotheses and of 
probabilities of occurrences, and for inter- 
pretation of reality; capacity for use of sys- 
tems analysis and of decision theory. 


capacity to face dimensional complexity: to 
convert problems to acceptable dimen- 
sions. This implies capacity for simplifica- 
tion and for decomposition of complex 
systems within admissible limits of distor- 
tion; holistic intuition aimed at the identi- 
fication of a global perspective of the prob- 
lem. 


capacity of perception of interrelations and 
of secondary effects of programmed actions: 
to identify strategic lines rationally struc- 
tured. This implies: capacity for forecast- 
ing possible future events; capacity for 
identifying interactions between potential 
developmental actions (in terms of entity, 
probability of occurrence and temporal 
perspectives) and capacity for calculating 
the ultimate effects of such interactions 
(cross-impact analysis) [8, pp. 72-73]. 


capacity to learn from results of experience 
and to project into the future present 
information in amplified terms. 


(v) capacity for innovation and adaptation: to 
identify new alternatives suitable for ensur- 
ing an effective adaptation. Such a ca- 
pacity implies: creativity, originality and 
initiative. 


It appears, therefore, essential to maximize 


in the organization the synergic effect of 
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rational and  extra-rational contributions, 
predisposing appropriate organizational mech- 
anisms and this, particularly, in the following 
areas (see Fig. 3): 


(i) activation of new extra-rational pro- 
cesses, through the use of motivational 


Signal 





factors to provide incentive and partici- 
pation. 


(ii) rationalization of contributions deriving 
from intuition or from knowledge based 
on opinions and subjective hypotheses, 
through the employment of suitable tools 
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of evaluation and orientation of intuitive 
knowledge. 


organization of creative contribution, 
with the view to ensuring an effective 
innovative activity. 


regulation of the threshold of sensitive- 
ness of the system, particularly for prob- 
lems and opportunities which might have 
implications in the medium-short term. 


translation of the information input in 
meaningful terms of reference for the de- 
velopment paradigm of the organization, 
by supplying terms of reference about 
basic problems and values, attitudes 
towards risk and temporal priorities 
(“understanding consists in the recogni- 
tion of familiarity” [23, p. 51]. 


programming of stimuli which will in- 
itiate innovative activities (assessment of 
present strategies and formulation of new 
alternatives). The scheduling of these 
stimuli should, however, leave room for 
spontaneous processes, whenever prob- 
lems and opportunities require this. 


coordination of innovative efforts at dif- 
ferent levels and of multidisciplinary type, 
to improve the degree of internal consist- 
ency of planning, through appropriate 
secondary objectives or constraints of 
general level. 


forecast of secondary effects of possible 
changes and of interrelated consequences 
of programmed actions (cross-impact 
analysis). 


implementation of a programme of devel- 
opment of problem-solving capacities at 
strategic level, centered on experience 
(feed-back) and learning, rather than ex- 
clusively on planning and control. 


On the basis of the above observations we 


can therefore formulate the following. 


Concluding proposition 


Rationalization of extra-rational contribution 
to the process of strategic formulation. The un- 


avoidability of and opportunity for extra- 
rational contributions to the process of strate- 
gic formulation suggest the need for a suitable 
organizational mechanism to ensure an opti- 
mal utilization and maximum synergic effect 
of the various contributions. An organized 
creativity, assisted by systematic knowledge, a 
structured rationality and an internal decision- 
making consistency, could put the organization 
in the best form to ensure an effective innova- 
tive adaptation. 
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A model is developed for the total expected utility to borrowers of an undergraduate text book 
recommended by a lecturer. It takes account of the peaked demand for a book following a recom- 
mendation, measures of borrower satisfaction which involve both waiting time and reading time 
(loan period), and the persistence of would-be borrowers in requesting books not found on the 
shelves. Some parameters of the model were estimated by a method which elicited preferences of 
students in various choice situations; other parameters were estimated by librarians. Some specific 
conclusions are drawn regarding the optimal loan period of books in terms of their type and the 


number of copies held. 


INTRODUCTION 


LOAN POLICY and duplication policy are two 
related areas of library management which 
have attracted some interest in management 
science literature. 

Bookstein [1], in his paper on optimal loan 
periods identifies two basic theoretical 
approaches to the analysis of circulation sys- 
tems, queueing theory and simulation. One of 
the earliest queueing theory treatments was 
given by Morse [5] who recognised the simi- 
larities between a library system (albeit very 
simplified) and a queueing system, where the 
copies of the book correspond to servers, and 
users demanding the book correspond to 
people queuing for the service. The service time 
is equivalent to the loan period. Simulation has 
been employed extensively by Buckland [3, 4]. 
That work resulted in the implementation of a 
variable loan and duplication policy in the 
University of Lancaster library. The outcome 
was a dramatic increase in library use and in 
user satisfaction measured 6 months later. 

Bruce [2] questioned the validity of using 
circulation statistics as measures of user satis- 
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faction (as was the case at Lancaster) and 
pointed out that Buckland did not treat in 
detail the utility to the user in his models. 
Bruce then defined a Markov process to ana- 
lyse circulation behaviour and proposed a 
technique for further experimentation with 
which he would be able to develop relation- 
ships between demand rates, satisfied demand 
rates and repetitive borrowing rates. 

The model presented in this paper does 
make an attempt to measure the utility of a 
book to the borrowers. The distinctive features 
of the work may be summarised as follows: 


(a) The model considers the peaked demand 
for a title which occurs after a recommen- 
dation from a lecturer to his students. 


(b) User satisfaction is defined in terms of the 
utility that the users get from actually bor- 
rowing a copy of the title. 


(c) The model takes into account the willing- 
ness of students to request (i.e. reserve) a 
book not found on the shelves. 
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A set of assumptions related to these ideas 
enables a model to be built for the total utility 
to users of a particular text. This model is then 
optimised by enumeration with respect to the 
loan period. 

This initial study, carried out in an academic 
library (the main library at the Polytechnic of 
the South Bank) made use of a limited data 
collection exercise, but because of the distinct 
methodological features of the work it seems 
worthy of early dissemination. In fact, this 
work is the first stage in an extensive study of 
duplication, sponsored by the British Library 
Research and Development Department, 
further results from which will be published in 
due course. 


DEVELOPMENT OF THE MODEL 


Books under study 


The model considers the peaked demand for 
a single title recommended by a lecturer, of 
which one or more copies are held in the long 
loan collection. Where the lecturer’s recom- 
mendation takes the form ‘read one of the fol- 
lowing...’ alternative titles are considered, in 
the model, to be equivalent to multiple copies 
of a single title. It was felt that this goes some 
way towards recognising the substitutability of 
books containing similar material. 

The first stage in the modelling process was 
to categorise texts under consideration in some 
crude fashion, dependent to a large extent on 
the ‘time span of relevance’ of the text. Three 
categories of text were considered for analysis 
in this work. These were: 


Category I. Core text books, which by their 
nature have a long time span of relevance. 

Category II. Texts with perhaps two or three 
chapters of use to the students and a corre- 
spondingly shorter time span of relevance. 

Category III. Texts with only a few pages of 
interest to the students and a very short time 
span of relevance. 


Two points must be emphasised in connec- 
tion with this categorization. Firstly, it must be 
assumed that recommendations are given by 
the lecturer at such a time as the material 
becomes relevant. In other words a text in cate- 
gory III for example, which would probably 
aid in the understanding of one or perhaps two 
lectures, must be recommended at a point in 
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time reasonably close to the lecture concerned. 
This would prevent the ‘panic borrowing’ that 
occurs if lecturers hand out one large reading 
list at the beginning of the year, to cover the 
whole year. Secondly, in categorising texts as 
above, a subjective judgement was made that 
all of the books within a category are of equal 
value to the potential borrowers. Finally, care 
was taken that the books under study had no 
specific deadlines attached to them, e.g. for 
seminars or coursework. 


Demand 


It is assumed that a number of demands 
from students occur in direct response to a 
recommendation by a lecturer, but that there 
are insufficient copies available to satisy all of 
these demands immediately. Such demands 
occur shortly after the recommendation and it 
is assumed that no other demands arise in any 
other way. The model considers demands that 
result in an initial attempt to borrow a copy of 
the recommended text from the long loan 
section. It is recognised that the existence of 
short loan and reference copies of the book 
makes these assumptions more valid for cate- 
gory I books than for those of categories II and 
III, validity being somewhat dependent on the 


degree of the alternative provision of the book. 


Utility 

There are certain conventions used and 
assumptions made in the modelling of utility, 
the justification for which is given later. First, 
the total utility a user would derive from a 
book in his permanent possession is defined as 
unity. Thus, utility is a relative measure and 
hence no judgement can be made between 
books in different categories. (Recall that 
books within a category are considered equal 
in terms of their value to the borrowers.) A 
user who is successful in borrowing a copy of 
the book will gain a certain utility value from 
the book in the first week of the loan period. 
The assumption is then made that on average 
the utility he gains from the book each week 
will decrease by a fixed proportion, x, for each 
subsequent week of the loan. For books 
belonging to category I, ie. core texts, the 
expected drop in utility would be slight, that is 
to say they have a value of « close to unity. (By 
definition, « must lie between 0 and 1.) For 
books in category III, on the other hand, much 
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utility would be gained in the first week, giving 
a large drop in the second week and hence 
these have a small value of x. 

Each category of book, therefore, has an « 
factor (yet to be determined) associated with it. 
Thus, the expected utility gained by a borrower 
in the tth week of loan may now be expressed 
as: 

(1) 


Since it is much more convenient to work in 
continuous rather than discrete time, the above 
expression may be reformulated in incremental 
form as: 


dU,, = —In aexp(t In x)de. (2) 


The second major assumption in the process 
of modelling utility is that the potential value of 
a reserved book decreases by another propor- 
tion, the B factor, with each additional week of 
waiting. For a user who has to wait w weeks 
before borrowing the book, the potential value 
will fall by a factor B°,B < 1. The two par- 
ameters x and f characterise a book-type-cum- 
lecturer’s recommendation. (It can be shown 
on a priori grounds that x and f are related, for 
instance that f is at least as large as « whatever 
the book type). 

The above ideas may now be combined to 
model the following simple situation. 

Suppose a user fails to find a copy of the 
book on the shelf, requests it and collects it 
some « weeks later. He then keeps the book 
for a period of | weeks. The utility that he gains 
from the book may be expressed as follows: 


al 
Uinry = B(- Ina) | exp(t In x)d¢. (3) 


“0 


At present, little empirical evidence exists for 
the form of the decay functions (involving « 
and f). It may be argued, however, that both 
functions are monotonic decreasing. The argu- 
ment for the x function runs as follows. The 
assumption has already been made that book 
recommendations only occur at such a time as 
they become relevant. Thus the relevance of the 
borrowed book coupled with any initial en- 
thusiasm on the part of the borrower would 
tend to make expected usage of the book high 
initially. Thereafter, the borrower is expected 
to gain less from the book each week due to 
loss of original enthusiasm, the competition for 
reading time from subsequent and more urgent 


673 


recommendations and the general exhaustion 
of the book’s content. Since these texts are con- 
sidered not to be related to deadline work of 
any sort, there would always be a residual 
amount of utility remaining to the borrower, 
although this too would decrease with time. 

Turning to the B function, the justification 
relies on the immediate relevance of the recom- 
mended book. References to other books dur- 
ing the waiting period and the distancing of the 
original recommendation from the time the 
book actually becomes available would reduce 
the motivation of the student to read and de- 
rive value from it. As with the function there 
is always assumed to be some, in this case 
potential, utility remaining in the book for 
those users who reserve it. 

Further refinement of the nature of these 
decay funcuions must await a study of student 
reading habits, at present under way. 


Book requests 


The model for the borrowing process is 
shown in Fig. |. It is assumed that a user who 
unsuccessfully tries to borrow a book has no 
knowledge of the number of requests outstand- 
ing for it and makes the optimistic assumption 
that he would have to wait one loan period 
before it becomes available. The probability of 
a user requesting a book that is out on loan is 
assumed proportional to the utility remaining 
after a delay of one loan period. Thus stated, 
the probability is dependent on three factors: 


(a) The type of book under consideration. A 
user is more likely to request a core text 
book than a dook containing only a few 
pages of use. 


(b) The length of the loan period. This implies 
that a user will be less likely to fill in a 
request form if a long loan period is in op- 
eration. 


Alternative provision of books; i.e. refer- 
ence copies or overnight loan. The provi- 
sion of alternative copies of the book would 
decrease the probability of an unsuccessful 
borrower requesting the book. This effect 
would be more marked for books of cate- 
gory III than for categories II and I. 
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The probability that an unsuccessful bor- 
rower requests a book, 2, may therefore be 
modelled as follows: 


n= Kp (4) 
where L is the length of the loan period in 
operation, f is defined as before the K is a 


constant dependent on both x and the degree 
of alternative provision. 


Mechanics of borrowing 


The model assumes that borrowers will 
return books to the library on the correct 
return date, i.e. no books are returned early, 
nor kept until they become overdue. This 
assumption is not too unrealistic, especially for 
automated library systems where sanctions are 
imposed on users who keep books until they 
are overdue. When a book is returned it is 


Persist 
in attempting, 
to borrow? 


Drop out 
of system 


i. 


assumed that any user who has requested it 
and is next in the queue is notified at once and 
immediately collects it. Renewals are not per- 
mitted and users returning a book are assumed 
not to request it further. Finally, all of the 
usual rules of the library are considered to be 
observed and this includes what is, perhaps, the 
most severe assumption of all. It is that there 
must be no sublending of a borrowed book by 
one user to other users. That sublending occurs 
there is no doubt, but in view of the difficulties 
inherent in the modelling of such a practice 
and the lack of available data, it was felt best 
to ignore such violation of library rules. This is 
recognised as perhaps the greatest weakness in 
the model structure. 

The model may now be stated in its simplest 
form. That is to say, the model considers only 
one book and N students demanding it, all of 
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whom are prepared to request it if they are 
unsuccessful in their demand. The total utility, 
T, gained by the N students is: 


N aL 
Tiwop = ¥, BY-(-Ina) exp(t In x)dt, (5) 
n=1 “0 


where L is the loan period under consideration. 
This model may now be extended to ¢ copies of 
the book as follows: 


Tew .2.6 = 


el 
¥ pero'(—In a) | exp(tina)dt, (6) 
1 “0 


where the notation <n/c> denotes the largest 
integer less than n/c and c is the number of 
copies of the book. Hence the first c demands 
are Satisfied at once, the next c have to wait for 
one loan period and so on. 

The final feature to be incorporated into the 
model is user persistence. Returning to the ori- 
ginal simple model, from (5), it is clear that for 
the case of just one copy only the first demand 
will be satisfied immediately. The remaining 
N-1 students will be frustrated in their attempt 
to borrow the book. Denoting the probability 
of an individual unsuccessful borrower request- 
ing the book by z, the total number who will 
actually request it is binomially distributed. 

Hence the probability of r students out of 
N-1 requesting the book is: 

(N — 1)! 


B(r:N — 1,2) = 
r\(N —1—-r) 


-w(1 — n)N-'-" (7) 
This term can now be incorporated into (5) 

giving the expected total utility as: 
N 


st 
Y Bir; N — 1,2) 


r=0 


T; N.2,.p.n = 


fuss pl 
x bs Bp" 1yLy —In«) 
Le 1 


“0 


“exp(t In «)dt (8) 


To complete the model, the 
can be written to incorporate multiple copies of 
the book. 
N-¢ 
Tinse.n = >, Bir;N —c,2) 


+e - 


¥ peror4(— Ina) | 
1 ~ 


)" 
l, 
Thus, given values of x, B and z for the title 
concerned, L, the loan period under consider- 
ation, the number of users wanting the book, N 
and c copies, the model produces a value for 
the expected total utility gained by all users 
wanting to borrow the book. By considering 
alternative loan periods and evaluating the 
total utility for each, the optimum loan period 
may be found. This is simply that loan period 
which yields the highest total utility. This pro- 
cess may be repeated for differing numbers of 
copies, ¢. 


L 
{ 
x exp(t In aaa | (9) 


PARAMETER ESTIMATION 


Values of a and B were derived using a 
limited empirical study involving 15 students, 
using the method of ‘comparative enquiry’. 
Briefly this was achieved as follows. First, 
books from a degree course reading list were 
classified into the three categories described 
earlier (see Table 1). Students were then asked 
to express their preferences by means of a ques- 
tionnaire in choice situations typified by the 
following questions: 


“Would you rather have text X now or both Y 
and Z in w weeks time?” 


and 


TABLE |. CATEGORIES OF TEXTS 





Principles of Operations Research 


Statistical theory 


Category I Software Systems Principles 


Wagner 
Lindgren 
Freeman 


Category II 


Category III 
(Students to 
read one 
chapter only) 


Survey of Numerical Mathematics 
Econometrics 


Linear Programming Models in Business 
Introduction to Mathematical Statistics 
Structured Computer Organisation 
Methods of Optimisation 

Elements of Econometrics 


Studies in Linear Programming 
Statistical Inference 
Computer Structures 
Mathematical Sciences 
Econometric Theory 


Readings and Examples 
A Collection of Essays 


Young & Gregory 
Wonnacott & Wonnacott 


Smith 

Hogg & Craig 
Tanenbaum 
Walsh 
Kmenta 
Salkin & Salia 
Silvey 

Bell 

Schwartz 
Goldberger 
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“Would you rather have both X and Y im- 
mediately for L,; weeks or Z alone for L, 
weeks?” 


where X, Y and Z were randomised and con- 
tained no overlap of material. Values of x and 
B obtained from this study conformed to the 
theoretical predictions (x < B for each category 
and x and # increase with time span of rele- 
vance) indicating the potential of the method 
as a powerful analytical tool in this work. 
Analysis of the questionnaire results gave the 
following values for x and p: 





% B 





Category I 
Category II 
Category III 


0.825 
0.565 
0.065 


0.89 
0.86 
0.66 





A repeat experiment with a larger group of 
students gave similar and well located values 
for x, though the B determination suffered from 
a high variance of estimates. 

In order to obtain estimates of z, the persist- 
ence parameter, a three week loan period was 
considered as a reference point (conforming to 
the current loan period at the Polytechnic of 
the South Bank main library) and provisional 
estimates of were made by librarians, taking 
into account the existing extent of alternative 
provision. Illustrated below are the estimated 
persistence values for the 3 week loan period 
together with predicted values for a 6 week 
loan period making use of the above values of 
B from (4). This shows the loan period depen- 
dent nature of the parameter. 





Category I 





Three week 
loan period 
Six week 

loan period 





Throughout the early evaluations the 
number of intending borrowers (N) was taken 
as 30 and the alternative number of copies c 
considered were one, five and 10, giving the 
number of students per copy N/c as 30, six and 
three respectively. The terminology of students 
per copy is a more familiar one to librarians. 
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RESULTS AND CONCLUSIONS 


Figure 2 shows the relationship between the 
loan period (horizontal axis) and the total uti- 
lity gained using that loan period (vertical 
axis), for books of category II. The different 
lines represent different amounts of user per- 
sistence in requesting the book. This figure is a 
good general example of the nine sets of results 
obtained. There are four main conclusions that 
may be drawn from consideration of Fig. 2. 


(a) The optimum loan period is clearly defined. 
For example, the optimum relating to the 
maximum level of user persistence is 2.1 
weeks. 


(b) The optimal value of the loan period must 
be determined more accurately as the stu- 
dents become more persistent. This may be 
demonstrated by considering the following 
two cases. 


(i) If students show the lowest degree of 
persistence (i.e. the bottom line of Fig. 2) 
underestimating the optimum loan 
period by | week, say (4.5 weeks instead 
of 5.5) would lead to a drop in utility of 
s% 

\ii) If, on the other hand, we consider the 
line of maximum user persistence (the 
top line of Fig. 2) then underestimation 
of the optimum loan period by 1 
week (1.1 weeks instead of 2.1) leads to a 
larger drop in utility, this time of 10.7% 


(c) As the degree of persistence falls, the opti- 
mum loan period increases considerably. 
For very persistent users, the optimum is 
2.1 weeks, while for the least persistent stu- 
dents it is 5.5 weeks. 


(d) The loss of utility resulting from the adop- 
tion of the ‘optimal’ loan period, corre- 
sponding to an incorrectly estimated stu- 
dent persistence factor, is not very great, 
particularly if care is taken to overestimate, 
rather than underestimate persistence. Sup- 
pose, for example, that user persistence is 
estimated to be corresponding to the cen- 
tral line of Fig. 2. This gives an optimal 
loan period of 2.8 weeks. Now suppose that 
the true degree of persistence shown by the 
students was in fact best represented by the 
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bottom line of Fig. 2. Using the false opti- 
mum loan period of 2.8 weeks, in fact only 
causes the utility to fall by 8%. 


The effect noted in (d) applies in much the 
same way to the other categories of books and 
values of ‘students per copy’. It is therefore jus- 
tifiable to proceed with the crude estimates of 
user persistence (7). 

Figure 3 illustrates again the relationship 
between loan period and the total utility 
gained by the students, again for category II 
books. This time, however, the different lines 
correspond to different numbers of copies 
available to 30 students. The central line of 
Fig. 3 (that representing six students per copy) 
is identical to the central line of Fig. 2. 

Figure 3 illustrates three more general 
points. 


(e) The optimal loan period increases as the 
number of students per copy decreases. For 
example, 30 students per copy gives an 
optimum of 1.2 weeks whereas with six stu- 


O.M.E. 8/6—F 


dents per copy the optimum increases to 2.8 
weeks. This relationship is not linear, how- 
ever, as halving the number of students per 
copy does not double the loan period. 


When considering multiple copies of a 
book (i.e. small numbers of students per 
copy) it would be disastrous to underesti- 
mate the optimum loan period. (This is es- 
pecially true for category I books.) Con- 
sidering, as an example, the top line of 
Fig. 3, representing three students per copy, 
underestimating the optimum by 2 weeks 
(1.8 instead of 3.8 weeks) causes a signifi- 
cant utility drop of 16%. Therefore if it is 
not possible to determine the true optimum 
accurately, it is important to overestimate 
rather than underestimate. 


(g) A law of diminishing returns operates for 
multiple copies of a book i.e. halving the 
number of students per copy (say by doub- 
ling the number of copies) increases the 





Warwick, Taylor—Optimal Loan Periods 


Total utility 
Category II books. 30 Students. 





4 


en 


9 wD 


Loan period (weeks) 


Fic. 3. 


total utility by a factor of less than two. 
This is best illustrated by the table below: 





Students 
per copy 
Maximum total 
utility 





Figure 4 demonstrates the relationship 
between the number of students per copy and 
the optimal loan period for category I, II and 
III books. It is based on a large number of 
evaluations with N = 10(10)SO0 and _ various 
values of c < N. It can be seen that the compo- 
site variable ‘students per copy’ is a suitable 
one for loan period recommendations. There 
are two further conclusions which may be 
drawn from this figure: 


(h) For a large number of students per copy, 
there is no justification for anything other 
than a | week loan period. 


(i) Multiple copies of core texts should be 
given a long loan period. 


If (h) and (i) are taken together the impli- 
cation is that the best operation for the library, 
as far as recommended reading is concerned, is 
for the bulk of single copy texts to have a | 
week loan period and that a special long loan 
collection should exist for multiple copy core 
texts. 


GENERAL COMMENTS 


The model presented and the evaluations 
carried out have enabled certain tentative con- 
clusions to be drawn on the best loan period 
for science undergraduate texts recommended 
by lecturers, using expected utility as the only 
criterion. It is, however, recognised that other 
criteria are relevant to loan policy decisions. 

Fur multiple copies of core texts the model 
led to a long recommended loan period and 
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this may be judged as unfair to those tardy 
students who are unable to borrow such texts 
until long after the recommendation is given. 
Thus a trade-off between expected utility and 
fairness could be considered. 

For single copies of texts an optimal loan 
period of one week was given by the model. 
Such a policy would cause a considerably 
increased workload at the circulation desk and 
this has not been costed in the model. 

The model has been primarily concerned 
with loan policy rather than duplication policy. 
The latter could be investigated, using a similar 
approach, provided that the method of com- 
parative enquiry were extended to consider 
user preferences between texts in different cate- 
gories. 
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What is the optimum size of a profession and how should it be determined? If norms about working 
standards exist and if it can be assumed that its geographical distribution and organisation are 
optimal, then man-power planning can be reduced to an arithmetical exercise; and the ideal number 
of places offered on qualifying courses in Colleges and Universities will be determined by pass-rates. 
However, in most cases, the problems are more complex. A proper concern for professional freedom 
leads society to tolerate wide variations in professional behaviour and working practice. One aim of 
policy, whether developed by a Government department or by a professional association or both, 
may be to promote efficiency, but not at the expense of individual discretion. In such circumstances, 
working norms do not exist. If, in addition, there is little hard information about the extent of 
part-time working, actual working practices and so on, it is difficult at first to see how to decide the 
future size of the profession. The aim of this paper is to illustrate how a simulation exercise 
combined with a sensitivity analysis was able to contribute to the solution of this problem in the case 
of one profession, that of opticians. It is hoped that the approach can be adapted to deal with similar 
problems in other professions who sell their services directly to the public. 


THE STRUCTURE OF THE have a more limited range of functions, since 

PROFESSION they are not qualified to perform sight tests. 
Their traditional role has been to make up 
prescriptions given by Ophthalmic Medical 
Practitioners (OMPs), medically qualified eye 
specialists working within the National Health 
Service (NHS) who in effect have been 
employed on a part-time basis by DOs to per- 
form sight-testing. 

There has thus been a measure of competi- 
tion between the two branches of the pro- 
fession, though the extent has been masked by 
the images of themselves which they have 
sought to foster. OOs have tended to stress the 
professional aspect of their work, placing the 
emphasis on consultation and advice, while 
DOs have traditionally been more concerned 
with selling and commerce. It is perhaps super- 
erogative to add that not too much stress need 
be put on these distinctions. 

' The research for this paper was financed by the Gen- Little is known about the division of the 
eral Optical Council, Harley Street, London, UK. work of the profession between the two groups. 
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OPTICIANS fall into two categories, ophthal- 
mic opticians (OOs) and dispensing opticians 
(DOs). Ophthalmic opticians, who are qualified 
to offer a full range of services to the public, 
including consultation, sight-testing and dis- 
pensing of spectacles etc. are gradually becom- 
ing a wholly graduate profession, since regis- 
tration with the General Optical Council is 
now dependent on possession of a degree 
awarded after full-time study at one of a half- 
dozen approved Universities and Colleges. 
They are, of course, required to refer pathologi- 
cal conditions of the eye which they detect to 
the medical profession. 

Dispensing opticians, who mostly qualify by 
part-time study or correspondence courses, 
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It is known that the total number of eye- 
examinations (sight-tests) performed by OOs in 
1976 was about 7.5 million and by OMPs 1.4 
million. These figures are related to NHS work 
only; however, it is known that the amount of 
private work is not significant for this study. 
There has been a long-term upward trend in 
the total performed by OOs amounting on 
average to 2.9% growth per annum, though the 
number performed by OMPs, (like the number 
of OMPs themselves) has remained static. But 
it is not known exactly how many prescriptions 
from OOs resulted in dispensings by DOs. 

Other areas of uncertainty also complicate 
the picture. First, though some information 
exists about the average length of a sight-test 
and of a dispensing, it is doubtful whether this 
provides an adequate basis for the construction 
of norms relating to the work-load of a full- 
time OO or DO. The ‘Penman’ timings, which 
were originally used as the basis for negotia- 
tion about piece-work rates, are widely con- 
ceded to be inaccurate and out-of-date; and 
there is not even uniformity of opinion as to 
what an OO should do, i.e. whether he should 
specialise on refractive testing and associated 
procedures or offer a full consultancy service to 
members of the public. 

Secondly, the structure of the profession is 
changing in a number of ways which signifi- 
cantly affect its output. The number of female 
entrants to the profession has increased stead- 
ily in recent years; and since there is no infor- 
mation about the future extent of part-time 
working, or the rate of temporary or perma- 
nent withdrawal from the labour market of 
such entrants, it is unknown how many full- 
time equivalents (FTEs) registered female prac- 
titioners will provide. The trend may be seen 
from Table 1. 

Another structural change is the increasing 
importance of multiples or chains of practices 
within the profession, often through the acqui- 
sition of individual practices as the owners re- 
tire. It is hardly surprising that the organis- 
ation of work within multiples differs from that 
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of the individual practice where an optician 
may even operate from different premises in a 
number of different locations. In particular the 
growth of multiples, which at present probably 
do 20-30% of the work of the profession, has 
accelerated the development of co-operation 
between OOs and DOs. 


THE POLICY PROBLEM 


The primary responsibility of the General 
Optical Council (GOC) in exercising its stew- 
ardship of the profession(s) under the 1958 Act 
is to ensure an appropriate level of sight-care 
to the community. But it also seeks to ensure 
the possibility of a reasonable living to 
members of the profession without interfering 
with competition or the development of 
natural trends. In fact the sole policy instru- 
ment at its disposal is the regulation of the 
number of places on qualifying courses which 
lead to eventual registration. 

As might be expected the interests of differ- 
ent sections of the profession conflict to some 
extent where the question of an expansion of 
the number of such places is concerned. For 
example it is not in the interest of DOs to see 
the number of OOs expanded: in general mul- 
tiples can benefit from an increased number of 
graduates, while individual practices are natur- 
ally concerned about increased competition. 

Given such pervasive uncertainty about both 
actual and desirable working practices, it may 
be asked whether it is even possible to have a 
logical and coherent policy about recruitment. 
If the aim of policy were to establish an opti- 
mum size for the profession based on certain 
norms about professional practice, it has to be 
admitted that the policy problem would be 
well-nigh insoluble in the light of available 
information. While the GOC would no doubt 
welcome any move to greater efficiency within 
the profession, it does not see its function as 
that of seeking directly to influence the indivi- 
dual practitioner’s working pattern; and it is 
this acceptance of the status quo, whether it is 


TABLE 1. NUMBER OF REGISTERED OPTICIANS WORKING IN THE UK 





Ophthalmic Opticians 


Dispensing Opticians 
Male Female Total 


Male Female Total 





31 Dec 1971 
31 Dec 1976 


5511 
4970 


542 
809 


6053 
5779 


1233 
1412 


255 
396 


1488 
1808 
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optimal or sub-optimal, which permits a 
rational approach to the problem to be devel- 
oped. 

The essence of the procedure adopted can be 
conveyed simply. First, we assumed that the 
best measures available of the work of the pro- 
fessions were sight-tests per full-time equivalent 
ophthalmic optician and dispensings per full- 
time equivalent dispensing optician. Secondly, 
we assumed that the GOC would not in gen- 
eral seek to influence the structure of the pro- 
fessions except by regulating the number of 
places in recognised qualifying courses. 
Thirdly, in the absence of norms based on 
measures of efficiency and productivity, it was 
decided to employ estimated changes in aver- 
age work loads as a guide to necessary changes 
in the size and composition of the professions. 
For example, if it were thought that the 
demand for the services of a typical member of 
the profession would double, it might be 
thought that a policy decision about recruit- 
ment would be required. In practice, of course, 
the decision about expanding (or reducing) the 
size of the profession in the light of estimated 
future changes would be taken by the GOC. 

On these assumptions the decision as to 
whether these numbers of places ought to be 
expanded can be based on predictions of the 
average number of sight-tests per FTE practi- 
tioners in the case of OOs and the average 
number of dispensings per FTE in the case of 
DOs at specified dates in the future. These 
were adopted as our decision variables. 

But how is the forecasting exercise to be per- 
formed? An initial attempt to construct a con- 
ventional econometric model of the profession 
proved unpromising. While in theory it would 
be possible to relate demand for the services of 
OOs, as measured by the total annual number 
of sight-tests, to a number of economic and 
demographic factors such as the price to the 
consumer, average income of the community 
and the size and structure of the population 
and then, on the basis of estimated future 
values of the explanatory variables (price to the 
consumer, average income etc), to calculate the 
relevant decision variables, in practice the 
attempt encountered a number of difficulties. 
First, a preliminary examination of scatter dia- 
grams and correlations suggested that estimat- 
ing equations would not be well-determined. 
Secondly, it was by no means easy to see how 


683 


reliable future estimates of price, income and 
demographic variables can be made (not to 
mention e.g. productivity and relative income 
of the optical professions). Lastly, anything 
other than a crude aggregative study would 
require a range of statistics relating to the 
structure and operational characteristics of the 
professions in the form of time-series which are 
simply unavailable. 

Is there any way out of the difficulty? The 
solution which we adopted was based on the 
thought that forecasting as such can be 
avoided if it can be demonstrated that, what- 
ever the forecast, the policy decision will be the 
same. 

To calculate the future values of the decision 
variables it was necessary to employ a range of 
prior statistics. To get the average number of 
sight-tests per OO, for instance, requires the 
number of sight-tests in 1979, 1984 and 1989, 
together with projected numbers in the pro- 
fession at these dates classified by age-sex cate- 
gories and specific activity rates for each cate- 
gory. To get the average number of dispensings 
per DO requires in addition knowledge of the 
DO share of the OO generated market for dis- 
pensings which result from sight-tests. All these 
statistics are unknown, or are known only sub- 
ject to error. 

As a first step the current trends on both the 
demand and supply side were projected into 
the future and the values of the decision vari- 
ables were calculated. These provided our 
‘median’ estimates. 

In order to meet the obvious objections to a 
mechanical trend estimation, the analysis was 
improved in two ways. First, an analysis of 
demand was carried out using a simple model 
of the intrinsic structure of the time-series of 
sight-tests. This analysis tended to justify our 
‘median’ projections of demand. 

Secondly, although many of the necessary 
constituent statistics on the supply side were 
unknown, it was possible to make relatively 
good judgements about the range of possible 
variation in them. In other words it was poss- 
ible to make a high and low estimate of the 
future supply as well as a ‘median’ estimate. 
Furthermore it was easy to do the same on the 
demand side. 

Specifically, we proceeded as follows: we 
defined ‘optimistic’, ‘median’ and ‘pessimistic’ 
values for the decision variables, which corre- 
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sponded to the situations, low demand-high 
supply, expected demand-expected supply, and 
high demand-low supply respectively. 

It can be seen that ‘pessimistic’ indicates 
only increasing pressure on resources and thus 
increasing difficulty in maintaining professional 
standards, while ‘optimistic’ means simply the 
opposite. 

As long as the decision variables are less 
than some pre-determined figure, whether cal- 
culated on optimistic, median or pessimistic 
assumptions, then no action to increase the 
numbers in the professions is required. An ana- 
logous rule with regard to decrease in the pro- 
fession is also appropriate. 

It can be seen, therefore, that the approach 
amounts to a calculation of certain decision 
ratios on the basis of demand and supply 
extrapolations coupled with a sensitivity analy- 
Sis. 


THE DEMAND FOR SIGHT-TESTS 


In addition to the difficulties mentioned 
before about estimating the demand for sight- 
tests, there was the problem which plagues 
many econometric studies, that the data do not 
constitute a homogeneous time series. Since the 
basis of measurement of the number of sight- 
tests changed in 1962, the series before that 
date is not comparable with the subsequent 
series. It is clear that the data are insufficient to 
support a complicated model. 

We decided to proceed as follows: it was 
hypothesised that the number of sight tests per 
thousand of the population in year t, P(t) is 
determined partly by a ‘replacement’ cycle 
which reflects the fact that people have their 
eyes tested at intervals, and partly by a diffu- 
sion process which reflects the combined effect 
of such factors as growing income, education 
and demographic characteristics other than 
size of population. 

Neither process could be modelled without 
difficulty. The average time between sight-tests 
is thought to be about 4 years, and the number 
of sight-tests per thousand of the population 
has progressed steadily from 114 in 1962 to 162 
in 1976. A regression of P(t) on P(t-4) and trend 
t, yielded the following result: 

P(t) = 1.03P(t — 4) 
(0.03) 
t = 38.07 


+0.74t 
(0.35) 


t=209 


R? = 0.75 (1) 
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In some ways, the results were satisfactory. 
The t-statistics were both significant, and R? 
was not unacceptably low. However, there are 
a number of obvious and perhaps unavoidable 
weaknesses. First, there is some specification 
error which derives from the fact that people 
do not always have their eyes tested at 4-year 
intervals. Some clearly have sight-tests at more 
frequent and others at less frequent intervals. 
Nevertheless, any attempt to include P,_, or 
other lagged values of the dependent variable 
would come up against serious problems of 
multicollinearity. 

A second not unrelated difficulty concerns 
the non-randomness of the errors. Although 
the time-structure of the model, which includes 
both a time-trend and a fourth-order lag of the 
dependent variable, invalidates the ordinary 
Durbin—Watson statistic, a visual examination 
of the residuals revealed a tendency to a sinu- 
soidal pattern characteristic of either an auto- 
regressive or a mixed moving-average, auto- 
regressive process. Again, there were insuffi- 
cient observations for accurate diagnosis. 

These problems are perhaps not too serious 
in an exercise whose ultimate objective is fore- 
casting and simulation. However, a third prob- 
lem merits some discussion. On purely empiri- 
cal grounds the diffusion process was repre- 
sented by a linear trend which makes no allow- 
ance for market saturation. There is of course 
some controversy as to whether there is any 
true saturation effect in the spread of owner- 
ship of non-perishable commodities, but it can 
hardly be supposed that the demand for sight- 
tests will not flatten out ultimately. The ques- 
tion is how to define when it will deviate from 
the linear growth path, given that the only 
available observations conform well with the 
hypothesis of a straight time trend. 

Clearly, there is no statistical technique 
which offers a suitable answer. The general 
opinion of the profession is that there is no 
clinical reason to suppose that the growth in 
the number of sight-tests will slacken in the 
foreseeable future. 

The estimated equation (1) is consistent with 
the hypothesis that there is a replacement cycle 
with parameter unity. The reduced form was 
taken as the solution to the difference equation 


P(t) — P(t — 4) = 0.74¢. 


It is: P(t) = Ap + A,(—1)' + A2t(—1)' + Ast 
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+ 0.375t + 0.094t? where the coefficients Ao, 
A,, A, and A; are to be determined by initial 
conditions. 

However, the values of these coefficients 
proved unduly sensitive to the choice of initial 
conditions and so it was decided to estimate 
the reduced form directly from the data. The 
result was: 

P(t) = 116.89 + 0.8431 — 0.272(—1)' + 0.375¢ + 0.0941? 
(1.83) (0.178) (0.875) 
It is to be noted that since t(—1)' = t x (-—1) 
i.e. other two explanatory variables, this term 
was dropped to avoid perfect collinearity. 

For the years 1984 and 1989 the number of 
sight tests predicted were 10,874 and 12,521 re- 
spectively. Since both of these figures corre- 
spond to a 2.9% annual growth in the number 
of sight tests, this was taken as the median 
assumption about demand. The pessimistic and 
optimistic rates were 5% and 2% respectively, 
the relatively high pessimistic figure being 
chosen as a ‘worst case’ estimate. 


THE EFFECTIVE SUPPLY OF 
OPTICIANS 


Let X;;(0) be the number of registered OOs 
in the ith age group (i = 1 > age 20-24,..., 
i = 10 > age 65-69) and jth sex (j = 1 > male) 
at the end of year 0. Then if X(0) denotes the 
total supply of registered OOs at the end of the 
year zero 


10 2 
X(0) = p> x X;(0) 
i= j= 
In order to make future projections of this 
total it is necessary to look at wastage and 
recruitment. 

Let w;; be the wastage rate p.a. for the ith 
age group and jth sex category (assumed con- 
stant over time). Then it follows that (1 — w,,)° 
is the proportion of the ith age-group/jth sex 
category registered in year n who remain on 
the register (but in the (i + 1)th age group) in 
year n + 5S. 





? The implication of this assumption for the size of the 
profession is very slight. In the case of ophthalmic opti- 
cians the reduction in the profession over a 5-year period, 
if wastage amongst new registrations within the 5-year 
period is allowed for, is only six men and four women. The 
effect of such a reduction, over the period 1976-1989, on 
the decision variable sight tests per week per full-time 
equivalent ophthalmic optician is negligible. 
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For simplicity we assume there are no new 
registrations aged 20 or younger or 30 or over. 
Let u;;: (i = 1,2: j = 1,2) denote the number of 
new registrations per year. We further assume 
1/Su2; fall into each single-year age category 
25-29 and that !/4u, ; fall into each single year 
age category 21-24. 

For simplicity we neglect wastage among 
new entrants within the 5-year period.” 

Then if at the end of 5-years the number of 
new registrations during the period falling into 
the ith age-group and jth sex category is Uj, it 
follows that, 


4 oni Te 
U,; = 2.5u,; 


U,,= 


2j = 2.5u,; + 3up, 
U3; = 2up; 
U,, =O0,.h=45... 
Hence we obtain the following expression for 
the number on the register after 5 years: 


2 3 2 
/ = wh X04 ¥ ¥ UY, 


i=1 j=1 


Wastage rates refer to withdrawals from the 
GOC register. Owing to the current scope for 
part-time working, it is felt that wastage rates 
for men and women, in the foreseeable future. 
will be broadly similar especially in the 
younger age-groups, and that differences 
between the sexes in terms of hours of work 
(for given age-groups) will be reflected in the 
different activity rates. It is therefore important 
to work in terms of full-time equivalents. Let 
X*(0) denote the number of FTEs at time zero, 
and let a;; be the proportion of registered OOs 
in the ith age group/jth sex category which are 
FTEs. Then we have 

10 2 
x*0)= ¥ ¥ aX;,0) 

i=1 j=1 : : 
a; (1 — w;))°X;,(0) + » 3 J aj Uj; 


i=1j=1 


7 


X*(10) = 


3 2 
aj (1 — wjj)°X (5) + p> 2 a Us 
t=1I j= 


These constitute a set of simple recurrence 
relationships which permit projections of FTEs 
given X;;(0), a;;, and w;,;. 

If we further assume that the a;; and w;; are 
the same for dispensing opticians as they are 
for ophthalmic opticians, we can obtain anal- 
ogous expressions for the projection of 
numbers of full-time equivalent DOs. For sim- 
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plicity we give only one expression. Let Y*(5) 
be the number of full-time equivalent DOs 


after 5 years, and let V,; be the number of new 


registrations in the ith age-group/jth sex cate- 
gory. 
Then, 


9 2 3 2 
y*(5)= ¥ Y al — wp) ¥O+ L Y ayVy 
For simplicity of exposition, we have 
presented the formulae for X*(5), X*(10) and 
Y*(5). As is easily seen, the approach can 
readily be adapted to give X*(t) and Y*(t) for 
any value of t, given X;;(0). 


THE DECISION RULE 


Let S(Q) denote the number of sight-tests 
conducted by OOs in year zero. Let s be the 
annual growth rate of sight tests. 

Then 


S(t) = (1 + s)* S(O). 


Taking the number of working weeks as 46, we 
may express the average number of sight-tests 
per FTE ophthalmic optician in year t as, 


A(t) = S(t)/46X *(t). 


Formally our decision rule may be stated as 
follows: so long as ky < A(t) < k, where k,, k, 
are two predetermined constraints representing 
“acceptable” maximum and minimum work- 
loads, no action to vary the supply of OOs is 
necessary. Otherwise action in the appropriate 
direction is required. 

In order to project the demand for the ser- 
vices of DOs, further assumptions have to be 
made about the dispensings/sight tests ratio, b, 
and the proportion, c, of dispensings conducted 
by DOs on the basis of sight-tests administered 
by OOs. The total number of dispensings in 
year t from OO prescriptions is simply 
cb So(1 + sy. 

In order to obtain the total number of dis- 
pensings in year t by DOs we have to add the 
number of dispensings following prescriptions 
by OMPs. I et T(t) be the number of sight-tests 
by OMPs in year t. Then assuming that 
T(t) = T(O) for all t (as has been the case for a 
number of years), the total number of prescrip- 
tions met by DOs in year t is bT(0) + cb S(O) 
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(1 + s)'. We can thus easily construct projected 
average numbers of weekly dispensings per 
FTE DO in future years from 


D(t) = {bT(O) + cb S(O) (1 + s)'}/46Y*(t). 


A similar decision rule to that for OOs was 
employed. 

Finally to test the adequacy of the assump- 
tions employed in our sensitivity analysis we 
examined the robustness of our decision vari- 
ables to further changes in (a) the activity rates 
used for women and (b) the wastage rates used 
for both men and women, for both OOs and 
DOs. The results which are reported in detail 
in Appendix A fully support our conclusions. 


THE RESULTS 


To employ the model a range of statistical 
material and parameter values was necessary. 
Some of these data were available from pub- 
lished sources: the age—sex structure of the pro- 
fessions (X;; and Y,;) were obtained from GOC 
statistics [4]: and the numbers of eye-examina- 
tions in 1976, the base year, {S(0) and T(0)} 
were obtained from NHS records [3]. 

Estimates of wastage rates (w;;) are given by 
Alpine [1] on the basis of survey data and by 
Bennet [2]. There is substantial agreement 
between these two sets of estimates, and those 
of the former were used here. The same source 
gave estimates of activity rates (a;;) for men and 
women separately. 

The parameters in the model were allowed 
to vary in accordance with the requirements of 
our sensitivity analysis. As mentioned earlier 
the study employed three ranges of estimates of 
certain parameters. The median estimates envi- 
saged that both future demand and future sup- 
ply would continue to develop in the future as 
it has in the previous few years. Thus sight- 
tests were assumed to continue to grow at 2.9% 
p.a. Also entry to training courses, the rate of 
ultimate registration, the proportion of women 
among new entrants and activity rates were all 
taken as a continuation of the present situ- 
ation. In other words, for the median calcula- 
tion, the w;; and v;; were as observed in 1976, 
and the a;; from Alpine [3] were applied to 
them without modification. 

The pessimistic estimates (rapid growth of 
demand, low expansion of supply) were based 





Omega, Vol. 8, No. 6 


on 5% p.a. growth in sight tests and a slightly 
lower intake of students, of whom a higher 
proportion (50%) were women with a lower ac- 
tivity rate. The optimistic projections assumed 
variation in the other direction. 

Finally, it was necessary to employ a range 
of estimates of b, the dispensings/sight-tests 
ratio and c, the market-share parameter. Dif- 
ferent estimates of these parameters were 
necessary, not because of the needs of sensi- 
tivity analysis, but simply because the true 
values were unknown. In the study b took the 
values 1.0, 0.9, and 0.8; and c 0.1, 0.2, 0.33°, 0.5 
and 0.66. 

Projections for the years 1979, 1984 and 
1989 are given in Tables 2 and 3 below. 


COMMENTS 


It is interesting to observe first, that knowl- 
edge of the true values of certain parameters 
seem to be comparatively unimportant to the 
problem under discussion. From Table 3 it can 
be seen that whatever the true market share of 
dispensings held by DOs and whatever the true 
Dispensings/Sight Tests ratio, the percentage 
trend over time in dispensings per week is 
fairly constant. For example the pessimistic 
assumptions lead to about a 50% increase in 
dispensings/week for any fixed combination of 
b and c. Equally, within the period of the study 
the membership of women with lower expected 
participation rates will be counterbalanced by 


TABLE 2. PREDICTED SUPPLY OF OPHTHALMIC OPTICIANS, FULL TIME EQUIVALENTS, AGED UNDER 70, AND NUMBER OF EYE 
EXAMINATIONS ON ALTERNATIVE ASSUMPTIONS 





No of eye 
examinations 
(x 103) 


OOs on 
register 


(1) 


FTEs 


(2) (3) 


Eye examinations per 
week per registered 
oO 
(4) 


Eye examinations per 
week per FTE 
(5) 





5261 
5261 
5261 


3904 
3957 
3970 


Pessimistic 
1976 Median 
Optimistic 


7561 31 
7561 31 
7561 31 


5196 
5220 
5271 


3827 
3918 
3969 


Pessimistic 
1979 Median 
Optimistic 


8785 
8248 
8029 


5206 
5269 
5404 


3802 
3971 
4090 


Pessimistic 
1984 Median 
Optimistic 


11280 
9525 
8873 


Pessimistic 
1989 Median 
Optimistic 


5480 
5580 
5797 


3962 
4213 
4396 


14483 
11023 
9806 





TABLE 3. TOTAL DISPENSINGS PER WEEK PER FULL-TIME EQUIVALENT DISPENSING 
SOURCES 


OPTICIAN FROM PRESCRIPTIONS FROM ALL 





Assumed market share One-Tenth 


One-Fifth 


One-Third One-Half Two-Thirds 





Dispensings/sight tests 


0.9 0.8 





Pessimistic 
1976 Median 
Optimistic 


Pessimistic 
1979 Median 
Optimistic 


Pessimistic 
1984 Median 
Optimistic 


Pessimistic 
1989 Median 
Optimistic 


56 
55 
55 
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a decrease in the average age of the profession 
as a whole. In general FTEs amount on our 
assumptions to 75% of the numbers on the 
register. 

It can be seen from Table 2 that, even on 
pessimistic assumptions, the growth in the 
numbers of eye-examinations per week will 
show a steady but unalarming rate of growth 
up to 1984. Even in 1989 it is only on the 
assumption that the total number of eye exam- 
inations will have nearly doubled that sight- 
tests per FTE could, in adverse circumstances, 
amount to 80 per week. In other words in 
terms of our decision rule there are no grounds 
for considering action until the 1980's. 

Table 3 suggests a similar result for DOs. If 
we adopt a median or optimistic position, we 
would expect a steady decline in dispensings 
per FTE and a steady rise if we are pessimistic. 
Again the decision criterion suggests that no 
steps to increase recruitment will-be required 
for some time. 

It might be objected that this analysis 
ignores the possibility that the increasing 
number of DOs will be successful in capturing 
a larger share of the market, which again 
would be in line with current trends. In fact it 
is readily seen that, if the median or optimistic 
assumptions prove justified, there will be an 
increase in the average work-load of OOs and 
a decrease in the average work load of DOs. 
There will obviously be increased scope for 
specialisation of function and increased co- 
operation between the two branches of the pro- 
fession. It is only if demand increases more 
rapidly than expected and the supply of re- 
cruits falls away that action by the GOC will 
be necessary. 


CONCLUSIONS 


The aim of this paper has been not simply to 
present certain results about the optical pro- 
fession, but also to present a case study of a 
decision problem in man-power planning in 
conditions of considerable uncertainty. It is 
perhaps pertinent to conclude with a few 
remarks about the methods employed. 

It is possible to regard the study as an ela- 
borate exercise in making bricks without straw, 
and perhaps its principal justification is the 
familiar one that no other approach was poss- 
ible. However, a number of points may be 
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made in its favour. First, in articulating a deci- 
sion rule in algebraic terms, the analysis 
pointed explicitly to the categories of knowl- 
edge which were required for decision-making. 
Secondly, the model in practice required nu- 
merical values to be attached to unknown 
parameters: this procedure made explicit the 
possible range of variation in imprecise infor- 
mation. Thirdly, the approach showed, via a 
sensitivity analysis, that variation in certain 
Statistics necessary for decisions (in this case 
averages) can be less than the possible vari- 
ation in their constituent elements. Lastly, a 
stimulation can show possibilities for change in 
the structure and function of a population 
under study (in this case, increased co-opera- 
tion between OOs and DOs). 
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APPENDIX A 


FURTHER SENSITIVITY ANALYSIS 


The sensitivity analysis contained in the main text—in 
terms of pessimistic and optimistic values for the decision 
variables in addition to median values—is based on vari- 
ations in the rate of growth in demand for eye examin- 
ations and in entry to the professions. Further analysis was 
carried out to test the sensitivity of the decision variables 
to two additional changes in the structural parameters, viz. 
(a) the activity rates used for women and (b) the wastage 
rates used for both men and women. 
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(a) The female activity rates for every age-group were 
increased by 10% absolute and the change in the Market share 
number of full-time equivalent OOs and DOs calcu- One tenth 
lated. The impact of these changes on the decision vari- One third 
ables reported in Tables 2 and 3 are shown below. Two thirds 


(i) Effect on eye examinations per week per FTE OO 

(compared with Table 2, col. 5) (b) The wastage rates used for each sex/age-group were 
increased by 50% (relative), and the change in the 
number of full-time equivalent OOs and DOs calcu- 
lated. The impact of these changes on the decision vari- 
ables reported in Tables 2 and 3 are shown below. 


1976 1979 1984 1989 
Pessimistic 0 —1 —1 —1 
Optimistic 0 -!l -1l -!I 


(i) Effect on eye examinations per week per FTE OO 


7 . meee 
(ii) Effect on total dispensings*® per week per FTE DO (compared with Table 2, column 5) 


from prescriptions from all sources (compared with 


Table 3) 
1979 1984 


Pessimistic +1 +3 


1976 Optimistic 44 


Market share Pess. Opt. 


One tenth 0 -! 

One third | (ii) Effect of total dispensings*® per week per FTE DO 

Two thirds a a from prescritptions from all sources (compared with 
Table 3) 


1979 1984 1989 
Market share Pess. Opt. Pess. Opt. Pess. Opt. 
One tenth +1 0 +1 0 +2 0 
One third +1 0 +2 +i! +2 +2 
> Assuming 0.9 dispensings/sight tests ratio. Two thirds +1 +1 +3 +2 #+5 + 





+ 
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Characteristics of the Pareto Sales Curve 


ANALYSIS of the distribution of the annual sales 
income among the range of products sold by a com- 
pany (or among customer accounts) reveals that if the 
products (or accounts) are arranged in a descending 
order of revenue, a curve such as one of those shown in 
Fig. | is obtained. This is known as the Pareto sales 
curve, sometimes called the 20-80 curve to express the 
fact that when the distribution follows curve I in Fig. 1 
then 20% of the products (or accounts) are responsible 
for generating 80% of the revenue. A shallower curve, 
such as II in Fig. 1, represents a more even distribution 
of revenue among the product range and in the extreme 
case III the revenue is uniformly distributed. 











% of income 

















0 
% of Products 


(or accounts ) 


Fic. | 











Fic. 6. 





Analysts would find it convenient to describe the 
Pareto curve by some specific characteristics, but 
apparently no such characteristics are universally used. 
Several ways in which the curve can be succinctly char- 
acterized are given below: 


(1) The 20-80 description for curve I in Fig. | can be 
extended to curves with other relationships, such as 
10-90, 30-70, etc. Curve II, for example, may be 
characterized as 33—67 and the uniform distribution 
III as 50-SO. Notice that the characterizing points 
always lie on the half diagonal (shown as PQ in 
Fig. 1). An alternative way for-the 20-80 designation 
is to express it as a ratio, namely 20/80 or 0.25. 








O.M.E. 8/6-—G 
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Thus, 10-90 is equivalent to 0.11 and the uniform 
distribution III is 1.0. 


(2) Method (1) is essentially a specification of coordin- 
ates of a single point on the curve. A more elaborate 
description relies on two points, often called the 
A-B-C analysis, cited by many authors, as a means 
of identifying three categories of goods: fast moving 
(category A), medium moving (B) and slow moving 
(C). Two examples are: 


Example 2 [2] 
First 10% yield 80%, 
Next 30% yield 15% 
Final 60% yield 5% 


Category Example 1 [1] 
A First 10°% yield 65% 
B Next 10% yield 15% 
& Final 80% yield 20% 


The two examples are shown in Fig. 2. In terms of 
the single point designations in method (1) the two 
curves may be characterized as 20-80 and 15-85 
respectively. It is possible, of course, to extend the 
characterization to several points; the more points 
are used the more accurate the description, but for 
most practical purposes a detailed description is not 
warranted. 


It may be argued that the Pareto curve is a manifes- 
tation of Zipf’s law, which is said to describe ‘the 
principle of the least effort’ and which may be 
expressed as log p, = A—Blog n, where p, is the 
frequency of the number n, and A and B are con- 
stants. In our case p, is interpreted as proportional 
to the revenue of product (or group of products) n, 
when the products are arranged in descending order 
of revenue, so that fitting the curve to Zipf’s law is 
determined by the constants A and B. For example, 
curve II in Fig. 1 corresponds to an approximate fit 
when A = 2 and B = 1 for n = 10, 20,..., 100 with 
the cumulative value of p, expressed in percentage 
terms. This curve fitting exercise is, however, rather 
cumbersome and is not likely to find favour with 
practitioners. 


(4) A simple variation on method (1) is to draw the 
diagonals as shown in Fig. 3 and to measure the 
‘hump’ of the curve by » = a/d. Thus, a uniform 
distribution such as III in Fig. | is characterized by 
y =0 while the other extreme, where a single 
product from a wide range is solely responsible for 
the total revenue, has a y which approaches the 
value | (thus, the measure in (1) is simply 1-y). 


(5) When the curve is distinctly asymmetrical with re- 
spect to the diagonal, then a will not measure the 


hump at its peak. An alternative to (4) is first to find 
the peak and measure its height from the diagonal, 
as shown by b in the example in Fig. 4, the resultant 
characteristic then being y = b/d. Again y = 0 signi- 
fies uniform revenue distribution, while y = 1 is the 
limiting case of reliance on a single product from a 
wide range, but for skewed distributions there is no 
relationship between y derived by this method and 
the measure derived by (1). 


(6) As indicated earlier, a single characteristic—such as 
in (1), (4) or (5}—may not provide an adequate de- 
scription of the curve, as the two examples in Fig. 5 
demonstrate (both have the same characteristic by 
method (1) and the same y). In the same way that (2) 
is a means to elaborate on (1), it is possible to 
extend (4) and (5) by adding a measure of skewness, 
such as the position of the peak in relation to the 
diagonal. An example is shown in Fig. 6, where a 
simple measure of skewness is defined as 6 = c/d, so 
that 6 can vary from 0 to 2 with the value | corre- 
sponding to the peak being in the middle, a value 
below | signifies skewness to the left (as in Fig. 6) 
and a value above | indicates skewness to the right. 
Thus, the two examples in Fig. 5 have the same y 
measured by (4) or (5), but different values of 6. 


Of these various methods, the simplest are (1), (4) and 
(5), each relying on a single measure. Method (2) has its 
uses, in that an A-B-C analysis may point to the need 
for different control procedures for different categories 
of products or customers. The elaboration of method 
(3) is impractical, while that of method (6) is simple 
enough when a single measure is thought to be inad- 
equate. 
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Internal Rates of Return Derived from the Pay-Back Period 


BOTH THE internal rate of return (IRR) and the pay- 
back period (PBP) are well known tools for evaluating 
projects. There is almost unanimous agreement by the 
theorists of capital budgeting that the PBP is interior to 
the discounting techniques. Yet, the PBP remains a 
very popular tool used in business, presumably because 
of its simplicity and its emphasis on liquidity and time 
risk. In this paper, an attempt is made to bridge the gap 
over the disparity between theory and business practice 
regarding capital budgeting, by providing simple tools 
(tables and rules of thumb) for deriving the IRR from 
the PBP. These tools will enable the decision maker to 
introduce an uncertainty effect into the straight forward 
PBP computation, thus, checking the sensitivity of a 
proposed investment. 

The PBP of a proposed investment project is the 
time (m) needed for accumulated expected cash flow 
(net returns) to reach the initial cost of the investment. 
On the other hand, the IRR of a proposed investment 
project is that rate of discount (i) which equates the 
present value of the expected cash flow to the initial 
cost of the investment. 

When the expected cash flow is constant, the IRR 
can be approximated by using annuity tables as fol- 
lows: 


(1) 


ee 
capital recovery factor (also called annuity whose 
present value is 1), for n years at i discount rate 


= initial cost of investment and 
W = annual cash flow 


Solving relation (1) will provide an entry to be searched 
for in the relevant n line in an annuity table of capital 
recovery factors. 

From the definition of the PBP and relation (1), we 
receive 


(2) 


Given the PBP (m) and the expected service life (n), 
the IRR (i) can be determined. Tables for various levels 
of the parameters of m and n may be useful for practical 
purposes, see for example, Table 1. Additional tables 
can be computed for practical purposes. For example, a 
table showing the required expected service life, given 
the PBP and the rate of discount; or the allowable 
PBP, given tiie expected service life and the rate of 
discoun. 


The IRR can be crudely approximated from the PBP 
reciprocal and the expected service life by means of a 
. simple rule of thumb which is derived from a regression 
analysis of az} against n and i. The rounded results 


| were in the range 


1 1 
+ 0.60i < az} < —- + 080i. 
n n 


TABLE |. INTERNAL RATE OF RETURN, PERCENTAGES 





Service life, n/years 
Pay-back 
m/years 10 12 








49.0 49.6 
38.5 39.2 
31.2 32.2 
25.6 27.0 2 
21.4 22.9 2 
15.1 16.9 
10.6 12.8 
7.1 9.5 





Selecting the midpoint, and using (2), we get 
| re 
iz _— 1.43 
mon, 


THE CASE OF UNCERTAIN CASH FLOW 


Suppose the expected cash flow declines (rather than 
being constant) because the probability of receiving the 
net returns decreases over time. In other words, the 
declining cash flow can be viewed as the certainty 
equivalent of the constant cash flow. 

We assume a cash flow pattern that is proportional 
to the remaining service life of the proposed investment, 
similar to the sum-of-the-years’ digits depreciation 
method. From the calculations of the present value of 
this cash flow we receive 

. mim — 1) ; ’ 

FERS gee (m — m)\(n — m) (4) 
where m = integer value of m, the PBP. Again, tables 
for various levels of the parameters m and n may be 
useful for practical purposes, see Table 2. The certainty 
equivalent IRR can be crudely approximated from the 
PBP reciprocal and the expected service life by means 
of a simple rule of thumb which follows from (3). 
Assuming that m is more or less around 0.5n and ana- 


TABLE 2. CERTAINTY EQUIVALENT RATE OF RETURN, 
PERCENTAGES 





Service life, n/years 
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lyzing the corresponding data in the two tables, we find 
that certainty equivalent IRR = 0.625 Expected IRR. 


Le. 


1 


n 


es 
certainty equivalent IRR = (- - 
m 


oss (5) 


In actual life it is common to assume that the 
expected cash flow of a proposed investment is constant 
over time. Moreover, even if the cash flow is expected 
to fluctuate, practitioners often use an average annual 
figure, thus, arriving at a constant cash flow. The sensi- 
tivity to uncertainty can be analyzed by comparing the 
IRR of the assumed constant cash flow with the cer- 
tainty equivalent IRR (of the assumed declining cash 
flow). 


CONCLUSIONS 


The PBP is a practical tool used extensively in busi- 
ness for evaluating investment projects. In this paper, 
tools (tables and rules of thumb) have been developed 
to derive the IRR from the PBP, thus, overcoming the 
main deficiency of the PBP. Given the PBP and the 
expected service life, the IRR is derived directly from 
tables or roughly approximated by simple rules of 
thumb. 
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At first, the PBP can be used to get a rough screening 
of proposed investment projects, while the final screen- 
ing would be carried out by checking the IRR, using 
the tables. 

If a proposed investment is expected to yield a con- 
stant cash flow, uncertainty can be assumed by 
approaching this cash flow as if it declines over time. 
Using the appropriate table or rule would thus provide 
both the expected and certainty equivalent IRR of the 
investment. 
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Accounting Control Systems for MOLP Models 


INTRODUCTION 


IN A RECENT article, Lin [4] has shown how the basic 
accounting control system suggested by Demski [2] 
can be applied to two forms of multiple objective plan- 
ning models: 


(a) goal programming (single and multiple goals) 
(b) multiple objective linear programming (MOLP) 


The purpose of this note is to extend the second part 
of Lin’s work and to correct some emphasis which 
appears to be misplaced. We will concentrate on the 
interpretation of the ex-ante and ex-post MOLP prob- 
lems and show how the accounting system can be used 
to account for both changes in ex-ante data and 
changes in managerial attitudes to trade-offs between 
objectives. This system will allow a quantification of the 
losses suffered by the firm because management 
‘changed its mind’. To avoid a lengthy introduction we 
will use the terminology and notation of Lin [4]. The 
reader is referred to that article for all such details. 
The MOLP problems: 

Lin considers two MOLP problems: 

(A) Ex-ante problem: 
maximize xX, + 3x, net income 
maximize 5x, + 4x2 sales 
subject to Xy +x < 400 
Xy : < 600 


Ex-post problem: 

maximize net income 
maximize 5x X2 sales 
subject to 





sales 





1200 
1800 
2000 








xy i income sales 





240 1080 2280 
600 900 3300 





Ex-ante management will select one of the efficient 
vertices A,, A, or A; depending on the emphasis that 
they want to put on profit rather than sales. 

Let us denote the relative weights (importance) of 
profit (net income) and sales by Ay; and As where 
Any + As = 1, Any As > 0. The weighted returns from 
solution A, are 900Ay, + 1200As, whereas from A, they 
are 800Ay, + 1800As. A, will be preferred to A, if man- 


agement’s choice of Ay;,As is such that: 


900Ay,; + 120045 > 800Ay, + 18002, 
100Ay; > 600As = 600 (1-Ay,) 


dns > 6/7 
ig < 1/7 


An, > 6/7 A, is the preferred solution 
A, is the preferred solution 


A; is the preferred solution 


(indifference between the solutions occurs at the end of 
the ranges). 


Similarly, ex-post: 
if 
An, > 0.85  B, is the preferred solution 


0.85 > Ay, > 0 B, is the preferred solution 


In order to determine the desired ex-ante solution, 
management need only state the range which they con- 
sider appropriate for Ay,;. Thus, if management con- 
siders that Ay; actually does lie within the range (1/2, 
6/7), Az is their appropriate solution. 

Note that the choice of ex-ante solution can be made 
without explicitly stating the actual value of A,,. (This 
would, in any case, be an irrelevant statement. In Lin’s 
paper the method of Belenson and Kapur [1] is used to 
obtain an arbitrary set of A—which need not be repre- 
sentative of the actual (ex-ante) attitudes of the decision 
maker). 

Indeed, in order to determine the preferred solution 
it is not necessary to specify the actual values for the A 
weights. It is sufficient to determine the space (range) 
within which the weights lie in order to fully determine 
the preferred solution, e.g. in order for A, to be the 
preferred solution it is only necessary for management 
to agree that the weight applied to net income lies 
between 6/7 and 1. It need not be specified as say 0.95. 
(Note that in Kornbluth [3] no weights whatsoever are 
specified.) 

Let us now consider the possible changes that might 
take place between the choice of the ex-ante solution 
and the ex-post evaluation. These might be: 

(a) a change in attitudes towards the various objec- 
tive functions (i.e. a change of A). 

(b) a change in the technological or profit coefficients 
of the problem or 

(c) a combination of (a) and (b). 

The control methods suggested in [2] and [4] can 
easily be extended to take account of any of these situ- 
ations. Let us use the same terminology as Lin [4] with 
the addition that Aj,, Ag represent the ex-ante weights 
placed on the objectives, and Af,, A the ex-post desired 
values for these weights. 

(a) if the only change between the ex-ante and ex- 
post situations is a change in Ay, and As we have a 
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situation where the two variances are caused as fol- 
lows: 


1. A forecasting variance representing the difference 
between the solution chosen ex-ante and that which 
would have been chosen using /?. 

2. An opportunity cost variance for the difference 
between the actual observed income and that which 
could have been obtained had management planned 
(and carried out) the ex-post solution. 

For example, suppose that: 

1/2 < AR, < 6/7 

6/7 < Ry, <1 
and that the observed production quantities are 
x° = (120, 270). Assume that the technological coeffi- 
cients of the problem do not change. 

The ex-ante optimum is x* = (200,200) NI* = 800 
S* = 1800—solution A, 

The ex-post optimum is x? = (0,300) NI?’ = 900 
S? = 1200—solution A, 

Using the Demski/Lin approach the variance alloca- 
tion is as follows: 


NI* — NI° =(NI* — NI*) + (NI? — NI®) 
(800 — 900) + (900 — 990) 
= -100 - 90 
forecasting opportunity 
variance due cost 
to change of A variance 


Similarly for sales we have: 
S* — S° = (S* — S?) + (S? — S°) 
(1800 — 1200) + (1200 — 1740) 
= 600 — 540 
forecasting opportunity 
due to cost 
change of A variance 


(b) this is the case considered by Lin [4] 

(c) suppose that there is now a change of technologi- 
cal coefficients, i.e. ex-ante we have problem A and ex- 
post problem B, and a change in management attitudes. 


Suppose that we have: 
1/2 < Ah, < 6/7 
and 
6/7 < AR, <1 
The ex-ante solution is x* = (200,200) NI* = 800,S? 
= 1800 
The observed solution is x° = (120,270)NI° = 1080, 
S° = 1740 
The statement “6/7 < Af; < 1” is insufficient to deter- 


mine the ex-post solution x’. Two situations must be 
considered: 


6/7 < Ak, < 0.85—in which case B, is the preferred ex- 
post solution 

0:85 < Ak, < 1—in which case B, is the preferred ex- 
post solution 


Consider 6/7 < 2k; < 0.85 with x? = (600, 0) 
In this case: NJ? = 900, S? = 3300 


NI* — NI° =(NI* — NI?) + (NI? — NI) 
= (800 — 900) + (900 — 990) 
= — 100 90 
forecasting opportunity 
variance due cost 
to changes in variance 
both technology 
and management 
attitudes 


On the other hand, if 0.85 < AR; < 1, B, is the pre- 
ferred solution i.e. x? = (240, 240) NJ? = 1080 and 
S? = 2280 and we have: 


NI* — NI° =(NI* — NI?) + (NI? — NI®) 

(800 — 1080) + (1080 — 990) 
; -280 + 90 

forecasting opportunity 
variance due cost 
to changes in variance 
both technology 
and management 
attitudes 


= (S* — S?) + (S? — S°) 

(1800 — 2280) + (2280 — 1740) 
—480 + 540 

forecasting opportunity 
variance due cost 
to changes in variance 
both technology 
and management 
attitudes 


Note that the two situations 6/7 < Af, < 0.85 and 
0.85 < AR; < 1 give rise to totally different variance 
allocations, thus the control mechanism will reflect (and 
measure) the joint effects of changes in management 
attitudes and forecasting errors in technological coeffi- 
cients. 

The method can easily be extended to take time 
effects into account (i.e. if technological conditions 
change before management’s attitudes or vice versa) 
using the general approach given in Salkin and Korn- 
bluth [5, chapter 4]. 


CONCLUSIONS 


In this we have shown how the Demski/Lin control 
system can be extended to the multiple objective case in 
which management is using a multiple objective linear 
programming approach. As in other MOLP appli- 
cations it is unnecessary for management to state the 
precise weights that are to be applied to the various 
objectives. It is sufficient for them to state the relative 
spaces (or intervals) for such weights in order for the 
system to be effective. 
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A Note on Pricing and Promotional Strategies 
for a firm Operating in Dual Markets 


IN A NUMBER Of firms and industries contract process- 
ing is quite common. An obvious example is the food 
industry where the increased dominance over channels 
of distribution of large retailers has led to an increase in 
the importance of Own (i.e. distributor-owned) brands. 
Only infrequently does the retailer manufacture the 
product himself, preferring to rely on existing manufac- 
turers. Supply will be guaranteed in the short run by 
the existence of some form of contract between the 
manufacturer and the distributor. This paper considers 
the economics of a firm which has two possible markets 
for its product. First the usual type of market of econ- 
omic theory where the firm takes on both the produc- 
tion and marketing functions, that is sells a product 
which is identifiably his; Heinz foods, Shell petrol and 
British Airways scheduled passenger flights are obvious 
examples. Second a market in which the producer sells 
to someone else under contract for resale under a name 

~ identified with the reseller; Safeway baked beans, most 
petrol sold by small distributors and charter flights are 
examples. The firm may prefer to operate in one market 
rather than the other; frequently the first type of 
branded market is preferred in terms of profitability 
although there may be a greater safety in the second 
type. Often firms will operate in both markets, pursuing 
what we shall call a mixed (market) strategy. Thus in 
the UK the major suppliers of Own brand foods are 
some of the major firms in the manufacturers’ brand 
sector of the market. (The economics of Own and 
manufacturers’ brands are discussed in [2].) Also it is 
the major airlines who supply many of the planes oper- 
ated by package holiday companies. 

There are three broad reasons why a firm might 
decide to operate in a second market, i.e. 

1. the existence of unexploited economies of scale in 
production or distribution; 

2. the existence of excess capacity, either permanent 
or transitory, where excess capacity is transitory oper- 
ations in the second market even out production runs 
improving stability; 

3. the provision of a means of price discrimination. 
This paper seeks to examine the pricing and promo- 
tional behaviour of firms which operate in dual markets 
of the type suggested. 


THE MODEL 


For the sake of argument we may identify the two 
markets as the manufacturer’s brand market (denoted 
by M subscripts) and the distributor’s or own-brand 
market (D subscripts). Profits derived from the M mar- 
ket are given by 


Tm = Pudu — Cu(qu) — Am (1) 





A full proof of the main results given here and the 
Kuhn-Tucker conditions are provided in [3]. 


where 


Ty = profit in the manufacturer’s (brand) 
market 
Py = the price charged in that market 
du = the level of output 
Cy(qm) = the total cost of production 
Ay = total marketing expenditure in the manu- 
facturer’s (brand} market. 


Total demand in the M market is determined by the 
demand function 


du = 4u(Pu.Am) (2) 
Profits in the distributor’s market are 


tp = Pyqn — Colqo) (3) 


where _ 
Pp = the fixed contract price 
4p = the level of output in the D market 
Cp(qp) = total costs of production 


All marketing costs are assumed to be borne by an 
organisation further forward in the chain of distribu- 
tion. In addition the firm faces a capacity constraint 


qu +40 <Q (4) 
where Q is the total production capacity of the firm 


In order to maximise total profit (14 + 2p) we form the 
Langrangian function 
L= Pygqu — Cu(qu) — Am 
+ Ppgp — Cyolgp) + AQ — Gu — Gp) (5) 
where A is a Lagrange multiplier 


RESULTS' 

Case 1: Consider the case where the firm produces 
for both markets and all production capacity is utilised 
Thus 

Q=4qu+qp) and A4>0 


It follows immediately from the optimality conditions 
that 


P—Cp=i (6) 
and 


CP xy 


> . 
Pu + du = - Cy = 4 
Cam 


since qy.dp > 0 and Cy, Cp are marginal production 
costs in the M and D markets respectively. Eq. (7) im- 
plies that at the optimum output marginal revenue is 
greater than marginal cost in the M market and that 
the firm will produce a lower output for this market 
than it would have if it operated in the M market alone 
It is easy to see the pricing rule the firm will adopt by 
eliminating A, i.e 
Ap 
Pu + du = . 
Cdm 


= Cy + (Pp Cp) 
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The bracketed term on the right hand side of (8) is 
simply the profit foregone by switching the marginal 
unit of production from the D market to the M market. 
The sum of the terms on the right hand side represents 
the opportunity cost of producing the marginal unit for 
the M market. The price—output rule is thus to set price 
in the first market according to (8) and sell the 
remainder in the less favoured market. 

Similar results can be derived with respect to adver- 
tising. Since Ay > 0 we have 


(9) 


Thus the firm spends less per unit of output on pro- 
moting the product in the M market than a firm oper- 
ating in that market alone. Combining (7) and (9) the 
Dorfman-Steiner yields the standard result that 


Ay/Pudm = —Na/Np (10) 


where 7, and np are the elasticities of M brand demand 
with respect to marketing expenditure and price re- 
spectively (e.g. [1]). However, although this result 
holds, the actual levels of marketing expenditure and 
sales revenue will both be lower than they would be in 
the standard case where the firm operates in a single 
market. This result is comparable to other variations 
on this theme (see [5]). 


Case 2: 

Case | assumes that the manufacturer’s production 
choices are only restricted by an overall capacity con- 
straint. However, a firm, once it has entered into a 
production contract, will also normally be required to 
supply some minimum amount to the distributor. The 
firm may thus enter into a production contract under 
some given or expected set of market conditions, but 
the contract subsequently becomes less desirable when 
market conditions vary. We may summarise this possi- 
bility by adding to our model the constraint 


qv > 4 
The Lagrangian function becomes 
L* = Pudm — Cy(qu) — Am + Ppdp — Cplqn) 
+ 4\(Q — dm — 4p) + 42(4p — 4d) (11) 


The interest arises when the firm is operating in both 
markets and both constraints are operative, i.e. A, and 
A, are both positive. In this case gp = Gp and it follows 
that 

Py ary Cb = (A, = A2) (12) 


which is the counterpart to (6). Equation (8) is replaced 
by 


OP = . ‘ 
Pu + Qu =— = Cu + (Pp — Cp) + 42 ~~ (13) 
dm 
where 4, > 0. Thus the firm confronted with the 
necessity of producing and selling a minimum quantity 
at a fixed price in the D market will react to improved 
conditions in the M market by raising price in that 


market above the level he would otherwise set rather 
than by switching production capacity to serving it. 
Similarly the level of advertising expenditure adopted 
will be lower as A; > A since A, > 0. However the 
advertising-sales ratio will be kept the same. 


SUMMARY 


We have examined the pricing and advertising strategy 
of a profit-maximising firm operating in a dual market 
environment where one market is of the contract pro- 
cessing type and contrasted it with a single market 
firm’s optimal strategy. The analysis points to four con- 
clusions. 

1. Price in the preferred (M) market will be set 
higher than it would be if the firm operated in that 
market alone; 

2. The firms will spend less on product promotion in 
the preferred market than otherwise; but 

3. The advertising—sales ratio will be kept the same 
as it would otherwise be; and 

4. If market conditions improve in the (M) market 
but output in that market cannot be increased conclu- 
sions 1-3 hold but with greater force. 

However, we should remember that what has been 
presented here is only a short run analysis. In the short 
term there may well be gains to be made from adopting 
a mixed market policy, however in the longer term it 
may be that the stronger, better managed, more dy- 
namic firm tends to operate in its ‘own’ market. Longer 
term influences on marketing strategy are not explored 
here but are the subject of another paper [4], 
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Comments on the Lognormal Approximation 
of Lead Time Demand 


INTRODUCTION 


TADIKAMALLA [3] has addressed the important issue 
of finding a probability distribution that provides a 
reasonable fit to skewed distributions of total demand 
during a replenishment lead time (in inventory control 
contexts) yet is analytically tractable. In this regard he 
has suggested the use of the lognormal distribution. 
The purpose of this note is to amplify on two points 
made in his paper. 


POTENTIAL LOST SALES UNDER 
LOGNORMAL DISTRIBUTION 


Tadikamalla states that standard normal tables can 
be used to determine the potential lost sales but does 
not provide the necessary formula (incidentally, in a 
draft version of his paper it was stated that normal 
tables could not be used). 

Suppose that the lead time demand Y is lognormally 
distributed where X = In Y has a normal distribution 
with mean / and variance 6”. Furthermore, suppose a 
reorder point R is used. Then one can show (see the 
Appendix) that the expected (potential) lost sales (ELS) 
are given by 


ELS = exp(d + 67/2){1 — @[InR — 4)/0 — 6]} 
— R{1 — Of(inR — 4)/6}} (1) 


where 
#(z) = prob{unit normal variable takes on a 
value less than or equal to z} (2) 


The primary use of the ELS quantity is in determin- 
ing a value of R so as to ensure a certain fraction P, of 
demand routinely met from stock. If the order quantity 
used is denoted by Q, then we must have (see, for 
example, Peterson and Silver [2]) 


ELS = Q(1 — P32) (3) 
Substitution from (2) yields that R must satisfy 


exp(A + 67/2){1 — [(InR — 4)/0 — 4)} 
—R{i — O[(InR — A)/@}} = Q(1 — P2) (4) 


Although (1) illustrates that the ELS can indeed be 
found using standard normal tables, solution of (4) for 
R is much more difficult! 


USE OF THE NORMAL DISTRIBUTION IN 
TADIKAMALLA’S EXAMPLES 


In his paper Tadikamalla presented two examples, 
comparing the use of the lognormal distribution, the 
exact distribution and either the gamma or Weibull 
distribution. It is instructive to observe what happens 
when the simple normal distribution is used, a pro- 
cedure that is commonly adopted in practice. 

Example 1 (normally distributed demand, gamma 


distributed lead time; mean and variance of lead time 
demand are 20 and 29; R = 16.1555). 


Probability of no 
stockout during a 
Distribution used lead time (Px) 
Exact 0.249 
Burgin’s 
approximation [1 ] 0.250 
Weibull 0.239 
Lognormal 0.248 
Normal 0.233 


Example 2 (gamma distributed demand, normally 
distributed lead time; mean and variance of lead time 
demand are 60 and 180; desired Pg = 0.9) 


Distribution used R value selected 
Exact 77.4 
Lognormal 77.7 
Normal 77.2 


The results show that, at least for these two 
examples, the simple normal distribution gives quite 
reasonable results even though the exact distribution of 
lead time demand is somewhat skewed. From a practi- 
cal standpoint it would be useful to provide an indica- 
tion (through a sensitivity analysis) as to under what 
realistic circumstances it is necessary to deviate from 
the use of the simple, widely accepted, normal distribu- 
tion (particularly for the case of the P, service measure 
which leads to the complicated equation (4) for the case 
of the lognormal distribution). 


APPENDIX 


The expected lost sales are 
ELS (X — R)f(X) dX 
JR 
aa : l 
| (3 - Dee — 
R 2n 0X 


x exp[—(In X — 4)?/207] dx 


x 1 ; " 
| exp[ —(In X — A)*/20*] dx 
R ./2n0 


I 


YR ./2n 0X 


—R 


exp[—(In X — 4)?/207] dx (Al) 
=I, -I, (A2) 

Substitution of z = (In X — 4)/0 immediately leads to 
I, = R{1 — d[(InR — 4)/0)} (A3) 


The same substitution gives 


x 1 . 
I, = exp(Oz + A)jexp(—2z°/2) dz 
(inr- Ayla V 2n 
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Completing the square in the exponent yields 
% 1 
I, = exp(A + 67/2) —exp[(z — 0)?/2] dz 


(in R-A)/0 \, ‘Qn 


Substituting u = z — @ results in 
I, = exp(A + 67/2){1 — @[(InR — 4/0 - 6]} = (A4) 
(A1) through (A4) together give the result of (1). 
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